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Amendment to the Drawing 

The attached sheets of Drawings includes Amendments to Figures 2-12. As requested by 
the Examiner, original Figures 2 and 4 were removed from the Drawing and are now included in 
the specification as Appendices G and H, respectively. The remaining Figures 3 and 5-12 were 
renumbered as Figures 2-10, so that figures are continuously numbered. 

Attachment: Replacement Sheets 
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Remarks 

Claims 50-69 and 82-106 are pending in the application. Claims 53, 54, 57, and 58 have 
been withdrawn from consideration by the Examiner. Claims 50-52, 55, 56, 59-69, and 82-106 
are rejected by the Examiner. 

Claims 50-95 have been canceled. Claims 96, 97, 100, 101, 104, 105, and 106 have been 
amended, and new claim 107 has been added. Support for amended claim 96 and new claim 107 
can be found in the specification in paragraphs 46, 48, and 96 and in Example 1. Claims 97, 105, 
and 106 have been amended to correct the dependencies of those claims. Claims 100 and 101 
were amended to correct the numbering within those claims. 

Applicant submits that no new matter has been added by the present Amendment. 
Applicant specifically reserves the right to pursue the subject matter of the original and 
previously presented claims in a related application; the present Amendment is introduced for the 
sole purpose of focusing the issues in this case and speeding its progress toward allowance. 
Applicant respectfully requests reexamination and reconsideration of the present case, as 
amended. Each of the rejections levied in the Office Action is addressed individually below. 

I. Objection to the specification . The Examiner has objected to the disclosure because 
pages 31 and 33-35 disclose nucleic acid sequences, but do not disclose embedded sequence 
identifiers (e.g., "SEQ ID NO:") as required by 37 C.F.R. § 1.821(d). As requested by the 
Examiner, Applicant has amended the specification to include embedded sequence identifiers. 
Applicant, therefore, respectfully requests that the rejection be removed. 

The Examiner has further objected to the disclosure because it contains an embedded 
hyperlink and/or other form of browser-executable code. As requested by the Examiner, 
Applicant has amended the specification to remove the hyperlink. Applicant, therefore, 
respectfully requests that the objection be removed. 

The Examiner has further objected to the Drawing, and this objection is addressed in 
more detail below. However, the Amendment to the Drawing has necessitated Amendments to 
the specification. As requested by the Examiner, original Figures 2 and 4 were removed from 
the Drawing and are now included in the Specification as Appendices G and H, respectively. 
The remaining original Figures 3 and 5-12 were renumbered as Figures 2-10, so that figures 
remain continuously numbered. The specification was Amended to correct the numbering of 
figures throughout the specification. 
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II. Objection to the drawing. The Examiner has objected to Figures 2 and 4. In particular, 
the Examiner states that Figures 2 and 4 are merely text lists of viral genes or components, and 
that they should be moved into the specification as tables and deleted as figures. Furthermore, 
the Examiner states that the remaining figures should be amended so that their numbering is 
continuous. 

As requested by the Examiner, Applicant has amended the Drawing to remove Figures 2 
and 4 and renumbered the remaining figures. In addition, Applicant has amended the 
specification to remove the legends to Figures 2 and 4 and to renumber the legends to the 
remaining figures. Furthermore Applicant has amended the specification to include Appendices 
G and H, which correspond to original Figures 2 and 4. Finally, Applicant has amended the 
specification to correct all references to figure numbers. Applicant, therefore, respectfully 
requests that the objection be removed. 

HI. Rejection under 35 U.S.C. $ 102(b) as being anticipated by Spitsin et al ( Proc. Natl. 
Acad. ScL USA. 96: 2549-53, 1999) . Claims 50-52, 55, 56, 59-69, 84, and 85 are rejected under 
35 U.S.C. § 102(b) as being anticipated by Spitsin et al {Proc. Natl Acad. Set, USA, 96: 2549- 
53, 1999). The Examiner states that Spitsin et al teaches a vector in which the full-length cDNA 
of the RNA4 gene has been substituted into a tobacco mosaic virus vector. Thus, the Examiner 
states that the vector of Spitsin et al anticipates the present claims. Claims 1-95 have been 
canceled by the present Amendment; therefore, Applicant respectfully submits that the rejection 
is rendered moot by the present Amendment. 

IV. Rejection under 35 U.S.C. S 102(e) as being anticipated by Z hu et al (U.S. Patent 
No. 6,858,426) . Claims 50, 55, 56, 66, 68, and 86 are rejected under 35 U.S.C. § 102(e) as being 
anticipated by Zhu et al (U.S. Patent No. 6,858,426). The Examiner states that embodiments 
outside of the elected species were discovered in the search for the elected species. In particular, 
the Examiner states that Zhu et al teaches a viral vector comprising portions of several plant 
viruses, specifically the cauliflower mosaic virus (CaMV) 35S enhancer and promoter, the alfalfa 
mosaic virus RNA4 leader sequence, the Grapevine leafroll virus (type 2) coat protein gene, and 
the CaMV 35S 3' untranslated region. Thus, the Examiner states that the viral vector of Zhu et 
al anticipates the present claims. Claims 1-95 have been canceled by the present Amendment; 
therefore, Applicant respectfully submits that the rejection is rendered moot by the present 
Amendment. 
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V. Rejection under 35 U.S.C. S 112, first paragraph . Claims 50-52, 55, 56, 59-69, and 
82-106 are rejected under 35 U.S.C. § 1 12, first paragraph, as failing to comply with the written 
description requirement. In particular, the Examiner uses two references to suggest that "the 
mere presence of expressed components of a virus together is not sufficient to predict function, 
given any sort of change or mutation." Thus, the Examiner argues, in the case of substituting 
one viral component for another, there can be no prediction of the ability of the new component 
to associate functionally with a second component of the original virus. The Examiner, 
therefore, concludes that the Applicant was not in possession of the full scope of the claimed 
invention at the time of filing. Applicant respectfully disagrees. 

Applicant submits that the present specification demonstrates that (1) components of two 
different viruses (tobacco mosaic virus and alfalfa mosaic virus) are able to substitute for one 
another and can associate functionally with other viral components; and (2) such a system is able 
to successfully produce a desired protein. Furthermore, detailed methods for testing the ability 
of any viral components to be substituted for one another are described throughout the entire 
specification and are described further and demonstrated in the Examples; thus, Applicant 
submits that such methods are a matter of routine experimentation. Applicant reduces the 
invention to practice and describes methods by which any viral components can be tested for 
utility in accordance with the present invention. Applicant, therefore, respectfully submits that 
Applicant was in possession of the full scope of the claimed invention at the time of filing. 

However, solely in order to further prosecution, Applicant has amended claim 96 to recite 
"tobacco mosaic virus" instead of "plant virus," and has added new claim 107, which recites 
"alfalfa mosaic virus." As discussed above, Applicant has clearly demonstrated that components 
of tobacco mosaic virus and alfalfa mosaic virus are able to substitute for one another and can 
associate functionally with other viral components in accordance with the present invention. 
Applicant, therefore, requests that this rejection be removed. 

VI. Rejection under 35 U.S.C. § 112, second paragraph . Claims 94, 95, and 104 are 

rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite for failing to point out and 
distinctly claim the subject matter which Applicant regards as the invention. In particular, the 
Examiner states that there is insufficient antecedent basis for the phrase "the first and second 
polypeptides" in claims 94 and 95. Claims 94 and 95 are canceled by the present Amendment; 
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therefore, Applicant respectfully submits that the rejection is rendered moot by the present 
Amendment. 

The Examiner further states that the phrase, "proteins of pharmaceutical interest" in 
claims 95 and 104 is indefinite because it is not clear what this phrase means. Thus, claim 104 
has been amended to recite, "therapeutically active proteins," as stated in paragraph 61 of the 
specification. Applicant submits that "therapeutically active proteins" in accordance with the 
present invention may include any of the proteins described in paragraphs 59-66 of the 
specification. Applicant, therefore, respectfully requests that the rejection be removed. 

Applicant therefore respectfully submits that the present case is in condition for 
allowance. A Notice to that effect is respectfully requested. 

If, at any time, it appears that a phone discussion would be helpful, the undersigned 
would greatly appreciate the opportunity to discuss such issues at the Examiner's convenience. 
The undersigned can be contacted at (617) 248-5000. 

Please charge any fees that may be required for the processing of this Response, or credit 
any overpayments, to our Deposit Account No. 03-1721. 



Choate, Hall & Stewart LLP 
Two International Place 
Boston, MA 021 10 
t (617)248-5000 
f (617) 248-4000 
cluitjens@choate.com 

Date: March 12, 2007 



Respectfully submitted, 




Cameron M. Luitjens, Ph.D. 
Registration Number: 58,674 



U.S.S.N. 10/770,600 
4182448_1.DOC 



Page 16 of 16 



Attorney Docket No.: 2002645-0021 



^ C< *T AVAILABLE COPV 

APPENDIX A 



DNA Viruses Sf ST AVAILABLE C 

Circular dsDNA Viruses 

*$> Family: Cgulimoyiridge 

Genus: Badna virus 

Type species: com melina yellow mottle virus 

*fy Genus: Caulimo virus 

Type species: cauliflo wer mosaic virus 
4> Genus "SbCMV-like viruses" 

Type species: Soyb ean ch loroticmottle virus 
4* Genus "CsVMV-like viruses" 

Type species: Cassa va ve in mosaicvirus 
& Genus "RTBV-like viruses" 

Type species: Rice tungr o b ac illiformvirus 
4* Genus: "Petunia vein clearing-li ke viruse s" 
Type species: Petunia vein c l earing virus 
Circular ssDNA Viruses 
Family: Geminiviridge 

G^niK- Mastrevirus (Subgroup I Geminivirus) 
Type species: mnize streak virus 
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4* Genus: CUTtoyiiml^flCQUCJLlS^tai^i^. 

Type species: beet curly top virus 
4* Genus: Beaomovirus (Subgroup III Gemirwirusi 

Type spec/es: bean golden mosa ic virus 

RNA Viruses 

ssRNA Viruses 

4* Family: BrpjriQv/flctae 

># Genus: A/famjoy/Q;s 

Type species: alfal fa mosa ic virus 

4 y Genus: IJgjyirys 

Type species: tobacco streak virus 

^ Genus: 6romov[rus 

Type spec/es: brome mosaic virus 

Genus: Cycymoyjrys 

Type species: cue iimb^rmosgjc vjrys 

t-H — | — I — I — I — I — I — I — HH — I — I — I — I — I — I — I — I — *~ 

4^ Family: Qpsferoy/r/dae 

Genus: CfeSteroyM 

Type spec/es: beet yeiQ.ws_Y.iryi 

Genus: Crjnjyirus 

Type species: Lettuce iDf^JjQysj/ellQws..yjrus. 

< i i i i i i i i i « i i i > - 



*#• Family: Comgyjridge 

Genus: Cgmovfcys 

Type species: cowpea.mosgjc^yirus 

Genus: Fobavirus 

Type species: brggd^begn. wjJt virus J. 
*fy Genus: Nepoyirus 

Type species: tobacco ringspot virus 

-«-H — I — I — I — I — I — I — \ — HH — I — I — I — I — I — I — I — I— >~ 

*f> Family: Pofyvindge 

Genus: Potyyjrys 

Type species: potato virus Y 
*f> Genus: Rym ovirus 

Type species: ryegrass mosaic virus 
«fy Genus: Bymoyjrus 

Type species: barley yell ow m osaic virus 

-< — I — I — \ — I — I — I — I — I — HH 1 — I — I — I — I — 1 — I — h->~ 

Family: Sequiyjridge 

Genus: Segyiyjrys 

Type species: pars nip yellow fleck virus 
Genus: Wgjkgyirys 

Type species: rice tungro spherical virus 

i — 1 I I I 1 — I — I !~*H — I I — I — I — I — \ 1 — h- >- 



•4- Family: Tombysviridge 

Genus: Cormovirus 

Type species: carnation mottle virus 

Genus: Dignihoyirys 

Type species: cgjngtjon. ringspot_yirys 
^ Genus: Mgchlomovtus 

Type species: maize chlorotic mottle virus 
^ Genus: Necrovirus 

Type species: tobacco necr osis virus 
*#• Genus: Tombysyirys 

Type species: tomato bu shy stunt virus 

-«-H — I — I — I — I — I — I — I — hM — I — I — I — I — I — I — I — I — 

•4 X Unassigned Genera of ssRNA viruses 
*$ >; Genus: Cogiilovirus 

Type species: apple stem grooving virus 

- < i : — i — i — i — i — i i i « i — i — i — i — i — i — i — i — i — *- 

Genus: Cgrjayjrys 

Type species: car natio n lat ent vir us 
Genus: Engmoyirys 

Type species: peg_engligiiJliQigic_yjrus 

k ) , i i i i i i i ■ i i ' ' 1 1 1 1 1 

4» Genus: Fyroyirys 

Type species: sgl-bjDrn^vyMgiinQiQi£-^ 

^ | | I I I I I I I ■! I ' ' ' 1 1 1 1 * ~ 

I 



Genus: Hordeiyirys 

Type species: barley stripe, mosaic. virus 

-<— 1 i — I — I — I — I — i — I — HH — I — I — I — I — 1 — 1 — I — i — 

Genus: idoeoyirus 

Type species: raspberry bush y dwarf virus 

C— 1 — I — I — I — I — I — i — I — HH — I — I — I — \ — I — I — 1 — I — ^ 

*§>■ Genus: Luteovirus 

Type species: barley yellow dwarf virus 

-<— I — I — i — I — I — I — i — 1 — HH — I — I — I — I — I — i — I — 1 — 

^ Genus: Morgfiyjrus 

Type species: maize ray ado 1^ 

HH — I — I — I — I — ! — I — I — HH — I — I — I — I I — III* "" 

*f> Genus: Pofexvirus 

Type species: potato virus X 

-*-H — I — ! — 1 — I — I — I — I — HH — i — I — I — i — I — I — \ — H- »- 

Genus: Sobe movirus 

Type species: Southern bean mo saic v irus 

-<-H — \ — I — I — I — \ — \ — t— HH — \ — I — I — I — H-J-— H-H->- 

Genus: Tenyiyirus 

Type species: rice stripe virus 

-*H 1 — I — I — I 1 1 1 HH 1 1 i ! — 1 i — ! — H->~ 

Genus: Tobamoyjnjs 

Type species: tobacco mosaic virus 



*y Genus: To bm virus 

Type species: tobacco rattle virus 

— < — I — I — ! — I — I — I — I — I — HH — I — I — I — I — I — I — I — h-*» 

Genus: Trichovirus 

Type species: apple chlorotic le af s p ot viru s 

-< — I — 1 — ! — 1 — I — I — ! — I — HH — ! — I — I — I — I — I — 1 1 > - 

Genus: Tymoyirus 

Type species: turnip yellow mos aic virus 

— I — I — I — I — I — h — I — HH — I — I — I — I — I — I — I — 

*$ v Genus: UJVbrgvirus 

Type species: carrot mottle virus 

— I — I — I — 1 — 1 — ! — 1 — I — HH 1 — I — I — I — I — I — I — I — >~ 

Negative ssRNA Viruses 

^ Order: Mononegavirales 

♦ Family: Rhabdoviridae 

Genus Cyforhabdovirus 

Type Species l ettuce necrotic yellows virus 

Genus: Nucleochabdoyiru^ 

Type species: potato yellow dwarf virus 

— < — 1 — I — I — I — I — I — t — i — HH — I — I — ! — I — ! — I — I — H- 

Negative ssRNA Viruses 

*f v Family: Bynygvindge 

Genus: Tospovirus 

Type species: tomato spotted wilt virus 
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dsRNA Viruses 

^ Family: Partitiviridae 

Genus: Alpha cry ptovirus 
Type species: white clover cryptic virus 1 
4jp Genus: Betacryptovirus 

Type species: whi te c lover cryptic v irus 2 

-* — I — I — I — I — I — I — I — I — HH — I — I — I — I — 1 — I — I — h- »- 

-4- Family: Reoviridge 

-4- Genus: Fijiyirus 

Type species: Fiji.dLsease_.yioJs 
*#* Genus: Phyfo reovir us 

Type species: wound tumor virus 

Genus: Orvzavirus 

Type species: rice ragged stunt virus 



-*H — i — I — I — I — I — I — I — HH — 1 — I — I — 1 — I — I — I — h 



Unassigned V iruses 



Genome ssDNA 

* Species banana bunchyjop. virus 

* Species coconut foliar decay virus 

* Species subterranean. clover stunt virus 
4" Genome d sDNA 

* Species cucumber yein^yellovying virus 
*#* Genome dsRNA 

* Species tobacco stunt virus 
^ Genome ssRNA 

* Species Garlic v iruses A,B,C,D 

* Species grapevin e fleck virus 

* Species maize whi te line mosaic virus 

* Species ojiyelateni yjry s J2 

* Species ourmig_meion. yjry s 

* S pedes Pe largonium zonate spot virus 
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Satellites and Virolds 

4* Satellites 

♦ ssRN A Satellite Viruses 

* Subgroup 2 Satellite Viruses 

Type species: tobacco necrosis satellite 

- * i i i i i i i i i»i i i i i i i i i > 

♦ Satellite RNA 

* Subgroup 2 BJype mRNA Satellites 
Subgroup 3 QlyQejinegjiRti \A Satellites 

* Subgroup 4 0 Type circular RNA Satellites 

- * i ' — i — i — i — i — i — i — — i— i — i — i — i — i — h-*- 

*f' Viroids 

Type species: QQtatojQindle.i^er.YKQid 



~* — I — I — I — I — I — i — I — I — HH — I — I — I — I — I — I — | — h- >■ 



Tobamovirus Helicase— Alignment 
Tobamovirus Helicase 



TMV-KR 

TMV -RAK 

TMV-vul 

TOMV 

PMMV 

TMGMV 

TMV -OB 

ORSV 

TVCV 

CR-TMV 

RMV-SH 

CRMV 

TMV-CG 

CGMMV 

CGMMV-W 

CFMMV 

YCGMMV 

SHMV 



KQMSSIVYTGPIKVQQMKNFIDSLVASLSAAVSNLVKILKDTAAIDLETR 

KQMSSIVYTGPIKVQQMKNFIDSLVASLSAAVSNLVKILKDTAAIDLETR 

KQMSSIVYTGPIKVQQMKNFIDSLVASLSAAVSNLVKILKDTAAIDLETR 

KQMCSIVYTGPLKVQQMKNFIDSLVASLSAAVSNLVKILKDTAAIDLETR 

KQMHAMWTGPLKVQQCKNYLDSLVASLSAAVSNLKKIIKDTAAIDLETK 

KQMASWYTGSLKVQQMKNYVDSLAASLSATVSmjCKSLKDE 

NKMASIVYSGPLQVQQMQNYVDSLAASLSAWSNLKKLVKDSSVGFQDSL 

KSMSSAVYTGPLKVQQMKNYMDYLS AS I SATVSNLCKVLKDVYGVDPESA 

GTMMSAVYTGSIKVQQMKOTIDYLSASLAAWSNLCKVLRDVH 

GTMMSAVYTGSIEVRQMKNYIDYLSASLSAWSNLCKVLRDVHGVDPESQ 

GAJWSAVYTGKIKVQQMKNYVDYLSASLSATVSNLCKVLRDVHGVDPESQ 

GAMMSAVYTGKIKVQQMKim^YLSASLSAWSNLCKyLRDVHGVDPESQ 

GAMMSAVYTGKIKVQQMKNYVDYLSASLSATVSNLCKVLRDVHGVDSESQ 

KTITPWYTGTIRERQMKNYIDYLSASLGSTLGNLERIWSDWNGTEESM 

KTITPVVYTGTIRERQMKNYIDYLSASLGSTLGNLERIVRSDWNGTEESM 

KTITPVIYTGPIRVRQMANYLDYLSANLAATIGILERIVRSNWSGN-EW 

KS I TP VI YTG P I RVRQMANYLD YLS AS LTAT I GNLER I VS S S WTGENELV 

QKPVNIVYTGEVQICQMQNYLDYLSASLVACISNLKKYLQDQWLNPGEKF 



51 

TMV KR QKFGVLD VAS RKWL I KPTAKSHAWG WETHARKYHVALLE YDE - QGWTC 
TMV - RAK QKFGVLD VAS RKWL I KPTAKSHAWG WETHARKYHVALLE YDE - QG I VTC 
P 0 3 5 8 6 TMVQKFGVLD VAS RKWL I KPTAKSHAWG WETHARKYHVALLE YDE - QGWTC 
TOMV 
PPMV 
TMGMV 
TMV OB 
ORSV . 
TVCV 
CR-TMV 
RMV-SH 
CRMV 
TMV-CG 
CGMMV 
CGMMV-W 
CFMMV 
YCGMMV 
SHMV 



QKFGVLD VAS KRWLVKPS AKNHAWGVVETHARKYHVALLEHDE - FG I ITC 
EKFGVYDVCLKKWLVKPLS KGHAWGWMDSD YKCFVALLTYDG - ENI VCG 
EKVGVWDVTLKKWLLKPAAKGHSWGWLD YKGKMFTALLS YEG - DRMVTE 
S KVGVFD VRKKMWL I KPTLKNHS WG WQKFDGKC FLALLS YHN - ELP I CD 
EKSG VYD WKGKW 1 I KPKDKCHAWGVADLNNGEKVI VLLEWAD -GFPIC- 
EKSGVWDVRRGRWLLKPNAKSHAWGVAEDANHKLVI VLLNWDD - GKPVCD 
EKSGWDVRRGRWLLKPNAKSHAWGVAEDANHKLVIVLLNWDD-GKPVCD 
E KS G VWD VRRGRWLLKPNAKCHAWG VAEDANHKL V I VLLNWDE - GNPVCD 
E KS G VWD VRRGR WLL KPNAKCHAWG VAED ANHKL VI VLLNWDE - GKPVCD 
EKSGVWDVRRGRWLLKPNAKCHAWGVAEDANHKLVIVLLNWDE - GKPVCD 
QTFGL YDCEKCKWLLLPAEKKHAWAWLASDDTTRI I FLS YDESGS P I ID 
QTFGL YDCEKCKWLLLPAEKKHAWAWLASDDTTRI I FLS YDESGS P I ID 
QTYGLFDCQANKWILLPSEKTHSWGVCLTMDDKLRWLLQYDSAGWPIVD 
QTYGLFDCQADKWILQPTERTHSWGVCLTMDDKLRIVLLQYDEFDWPIVD 
QKIGWDNLNNKWIWPQKKKYAWGLAADVDGNQKTVILNYDEHGMPILE 
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TMV KR - DNWRRVAVS SES WYSDMAKLRTLRRLLRNGEPHVS S AKWLVDGVPGC 

TMV - RAK - DDWRRVAVS SES WYSDMAKLRTLRRLLRDGEPHVSNAKWLVDGVPGC 
P0 3 5 8 6 TMV - DDWRRVAVS S ES WYSDMAKLRTLRRLLRNGE PHVS S AKWLVDGVPGC 

TOMV - DNWRRVAVS S ES WYSDMAKLRTLRRLLKDGEPHVS S AKWLVDGVPGC 

PPMV -ETWRRVAVSSESLVYSDMGKIRAIRSVLKDGEPHISSAKVTLVDGVPGC 

TMGMV - SDWRRVAVSSDTMVYSDIAKLQNLRKTMRDGEPHEPTAKMVLVDGVPGC 

TMV OB - ADWS KVAVSNESMVYSDMAKLRVLRKS IGEMPI S VSSAKVTLVDGVPGC 

ORSV -GDWRRVAVSSDSLIYSDMGKLQTLLRCLKDGEPVLRMPKVTLVDGVLGC 

TVCV -ETWFRVAVSSDSLIYSDMGKLKTLTSCSPNGEPPEPNAKVILVDGVPGC 

CR-TMV -ETWFRVAVSSDSLIYSDMGKLKTLTTCSPNGEPPEPNAKVILVDGVPGC 

RMV-SH -ETWFRLAVSSDSLVYSDMGKLKTLTACCRDGEPPEPTAKWLVDGVPGC 

CRMV -ETWFRLAVSSDSLVYSDMGKLKTLTSCCRDGEPPEPTAKLVLVDGVPGC 

TMV-CG -ETWFRLAVSSDSLVYSDMGKLKTLTACCRDGEPPEPTAKWLVDGVPGC 

CGMMV KKNWKRFAVCSETKVYS VIRSLEVLNKE AI VDPGVHITLVDGVPGC 

CGMMV-W KKNWKRFAVCSETKVYSVIRSLEVLNKE- - - 

CFMMV KS FWKAFCVCADTKVFSVIRSLEVLSAL 

YCGMMV KSSWKAFCVSADTKVFSIIRSLEVLSSL--- 

SHMV -KSYVRLWSTDTYLFTWSMLGYLRHL- - • 



■ - AIVDPGVHITLVDGVPGC 

- -PLVEPDAKYVLIDGVPGC 
- -PLSDPTAKFTLIDGVPGC 

- -DQKKPTATITLVDGVPGC 
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Tobamovirus Helicase-- Alignment 

TMV KR GKTKE I LS R VNFDEDL I LVPl AAEMIRRRANS - SGI IVATKDNVKTVD 
TMV-RAK GKTKEILSRVNFDEDLILVPGKQAAEMIRRRANS-SGIIVATKDNVRTVD 
P035 86 T^GKTKE I LSRVNFDEDL I LVPGKQAAEMIRRRANS* SGI IVATKDNVKTVD 
TOMV 
PPMV 
TMGMV 
TMV OB 
ORSV 
TVCV 
CR-TMV 
RMV-SH 
CRMV 
TMV-CG 
CGMMV 
CGMMV -W 
CFMMV 
Y CGMMV 
SHMV 



GKTKEILSRVNFEEDLILVPGRQAAEMIRRRANA-SGIIVATKDNVRTVD 
GKTKE I LS R VNFDEDL VLVPGKQAAEM I RRRANS - S GL I VATKENVRTVD 
GKYKGDFERFDLDEDLILVPGKQAAAMIRRRANS - S GL I RATMDNVRTVD 
GKTKEILRRWFSEDLVLVPGKEAAAMIRKRANQ-SGNIVANNDNVKTVD 
GKTKEILETVNFDEELILVPGKEACKMI IKRANK- SGHVRATKDNVRTVD 
GKTKEIIEKVNFSEDLILVPGKEASKMIIRRANQ-AGVIRADKDNVRTVD 
GKTKEIIEKVNFSEDLILVPGKEASKMIIRRANH-AGVIRADKDNVSTVD 
GKTKEILEKVNFSEDLVLVPGKEASKMIIRRANQ-AGVTRADKDNVRTVD 
GKTKE I LEKVNFS EDL VLVPGKEAS KM I IRRANQ - AG I TRADKDNVRTVD 
GKTKE ILEKVNFSEDLVLVPGKEASKMI IRRANQ - AGI IRADKDNVRTVD 
GKTAE I IARVNWKTDLVLTPGREAAAMIRRRACALHKSPVATNDNVRTFD 
GKTAE 1 1 ARVNWKTDLVLTPGREAAAM IRRRACALHKS PVATNDNVRTFD 
GKTQE 1 1 S S ADFKTDL I LTPGKEAAAMIRRRANMKYRS PVATNDNVRTFD 
GKTQEIINSADFKTDLILTPGKESAAMIRRRANAKFRGCVATNDNVRTFD 
GKTQE I L S RFD ANSDL I L VQGREACEM I RRRAND - NVPGS ATKENVRTFD 



201 

TMV KR SFMMNFGKSTRCQFKRLFIDEGLMLHTGCVNFLVTMSLCEIAYVYGDTQQ 
TMV-RAK SFMMNFGKTTRCQFKRLFIDEGLMLHTGCVNFLVAMSLCDVAYVYGDTQQ 
P03 5 8 6 TMVS FMMNFGKSTRCQFKRLF IDEGLMLHTGCVNFLVAMSLCE I AYVYGDTQQ 
TOMV 
PPMV 
TMGMV 
TMV OB 
ORSV 
TVCV 
CR-TMV 
RMV-SH 
CRMV 
TMV-CG 
CGMMV 
CGMMV -W 
CFMMV 
Y CGMMV 
SHMV 



S FLMNYGKGARCQFKRLF IDEGLMLHTGCVNFLVEMSLCDIAYVYGDTQQ 
S FLMNYGRGP - CQYKRLFLDEGLMLHPGCVNFLVGMSLCS EAFVYGDTQQ 
SLLMH- - -PKPRSHKRLFIDEGLMLHTGCVNFLVLISGCDIAYIYGDTQQ 
SFLMNLGKGPVCQFKRLFVDEGLMLHPGCWFLVKLSLOJEAFVFGDTQQ 
-LKPKTYNKLFIDEGLMLHTGCVNFLIALSHCREAMVFGDTEQ 
-PSRRVFKRLFIDEGLMLHTGCVNFLLLLSQCDVAYVYGDTKQ 
-PSRRVFKRLFIDEGLMLHTGCVNFLLLLSQCDVAYVYGDTQQ 
-PPKRVFKRLFIDEGLMLHTGCVNFLTLLSHCDVAYVYGDTQQ 
-PPKRVFKRLFIDEGLMLHTGCVNFLMLLSHCDVAYVYVDTQQ 
-PPKREFKRLFIDEGLMLHTGCVNFLTLLSHCEVAYVYGDTQQ 

- RKI FKFDAVYVDEGLMVHTGLLNFALKI SGCKKAFVFGDAKQ 

- RKI FKFDAVYVDEGLMVHTGLLNFALKI SGCKKAFVFGDAKQ 

- KKPFTFKTLWVDEGLMVHTGLLNFCVNI AKVKEVRI FGDTKQ 

- KKPFTFKTLVATDEGLMVHTGLLNFCVNI AKVKEVKI FGDTKQ 

- RKPGKFKTLWVDEGLMVHPGL INFC INI S CVS S VYI FGDRKQ 



SFLMH- 
SFLMH- 
SFLMH- 
SFLMH- 
SFLMH- 
SFLMH- 
SFVMN- 
SFVMN- 
SFVMN- 
SFVMN- 
SFVMN- 



251 

TMV KR IPYINRVSGFPYPAHFAKLEVDEVETRRTTLRCPADVTHYLNRRYEGFVM 

TMV - RAK I P Y INRVSGFP YPAHFS KLEVDEVETRRTTLRC P AD VTHYLNRR YEG FW 
P035 86 TMVI PY INRVSGFP YPAHFAKLEVDEVETRRTTLRCPAD VTHYLNRR YEG FVM 

TOMV I PYINRVTGFPYPAHFAKLEVDEVETRRTTLRCPADVTHFLNQRYEGHVM 

PPMV IPYINRVATFPYPKHLSQLEVDAVETRRTTLRCPADITFFLNQKYEGQVM 

TMGMV IPFINRVQNFPYPKHFEKLQVDEVEMRRTTLRCPGDVNFFLQSKYEGAVT 

TMV OB IPYINRVQNFPFPQHFSICLIVDETEKRRTTLRCPVDVTHFLNQCYDGAVT 

ORSV IPFINRVANFPYPKHFGHTCLHRREVRRLSLRCPADVTHFMNSKYDGKFL 

TVCV IPFICRVANFPYPAHFAKLVADEKEVRRVTLRCPADVTYFLNKKYDGAVM 

CR-TMV IPFICRVANFPYPAHFAKLVADEKEVRRVTLRCPADVTYFLNKKYDGAVM 

RMV- SH IPFICRVANFPYPSHFAKLVVDEKEDRRVTLRCPADVTYFLNTRYDGSVM 

CRMV I P F I CRVANF P YPAHF AJGjVVDEKEDRRVTLRCP ADVTYFLNQKYDGS VL 

TMV- CG IPFICRVANFPYPKHFAKLVVDEKEDRRVTLRCPADVTFFLNKKYDGAVL 

CGMMV IPFINRVMNFDYPKELRTLIVDNVERRYVTHRCPRDVTSFLNTIYKAAVA 

CGMMV- W IPFINRVMNFDYPKELRTLIVDNVERRYVTHRCPRDVTSFLNTIYKAAVA 

CFMMV I PF INRVMNFD YPLELRKI I VDTVEKRYTSKRCPRDVTHYLNEVYS S PVC 

YCGMMV IPFINRVMNFDYPLELKKIIVDDVEKRYTSKRCPRDVTHYLNEVYAAPVT 

S HMV I PF INRVMNFS I PDNLAKL YYDE I VSRDTTKRCPLDVTHFLNS VYEKRVM 



301 

TMV KR STSSVKKSVSQEMVGGAAVINP - ISKPLHGKILTFTQSDKEALLSRGYS - 
TMV-RAK STSSVKKSVSQEMVSGAAVINP- ISKPLHGKILTFTQSDKEALLSRGYS- 
P03586 TMVSTSSVKKSVSQEMVGGAAVINP- ISKPLHGKILTFTQSDKEALLSRGYS - 
TOMV CTSSEKKSVSQEMVSGAASINP-VSKPLKGKILTFTQSDKEALLSRGYA- 
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PPMV CTSSVTRSVSHEVIQGAAVM] VSKPLKGKVITFTQSDKSLLLSRGYE- 

TMGMV TTSTVQRSVSSEMIGGKGVLNS-VSKPLKGKIVTFTQADKFELEEKGYK- 

TMV OB TTSKTQRSVGLEWGGAAVMNP-VTKPLKGKIVTFTQSDKLTMLSRGYQ- 

ORS V CTNDVIRSVDAEWRGKGVFNP - KSKPLKGKI ITFTQSDKAELNERGYEE 

TVCV CTSAVERSVKAEWRGKGALNP - ITLPLEGKILTFTQADKFELLEKGYK- 

CR-TMV CTSAVERSVKAEWRGKGALNP -ITLPLEGKILTFTQADKFELLEKGYK- 

RMV- SH CTSSVERSVSAEWRGKGALNP - ITLPLEGKILTFTQADKFELLDKGYK- 

CRMV CTSSVERSVSAEWRGKGALNP - ITLPLEGKILTFTQADKFELLDKGYK- 

TMV-CG CTSSVERSVSAEWRGKGALNP - ITLPLEGKILTFTQADKFELLDKGYK- 

CGMMV TTS P WHS VKAI KVSGAG I LRP - ELTKI KGKI I TFTQSDKQSL I KSGYN - 

CGMMV-W TTS P WHS VKAI KVSGAG I LRP - ELTKI KGKI I TFTQSDKQS L I KSGYN - 

CFMMV TTSPWHSVTTKKIAGVGLLRP-ELTALPGKIITFTQNDKQTLLKAGYA- 

YCGMMV TSSAWHS VSQKKIAGVGLLRP - ELTSLEGKI ITFTQSDKQTLLKAGYE - 

SHMV S YSNVQRSLECKMISGKAKINDYRS ILAEGKLLTFTQEDKEYLLKAGFK- 

351 

TMV KR DVHTVHEVQGETYSDVSLVRLTPTPVS 1 1 AGDS PHVLVALSRHTC 

TMV-RAK EVHTVHEVQGETYSDVSLVRLTPTPIS I IAGDS PHVLVALSRHTC 

PO 3 5 8 6 TMV DVHTVHEVQGETYSDVSLVRLTPTPVS I IAGDS PHVLVALSRHTC 

TOMV DVHTVHE VQGETYAD VS LVRLTPTPVS 1 1 ARDS PHVLVS LS RHTK 

P PMV DVHTVHE VQGE TFEDVS LVRLTPTPVG 1 1 S KQS PHLL VS L S RHTR 

TMGMV NVNTVHE I QGE TFEDVS LVRLTATPLTL I SKS S PHVL VALTRHTK 

TMV OB DVNTVHE I QGETYEEVSLVRLTPTP IHI I SRESPHVLVGLTRHTR 

ORS V VSTFGE INTVHE I QGETFED VS WRLTPTALEL I S KS S PHVL VALTRHTK 

TVCV D VNTVHE VQGET YE KTAI VRLTS TPLEIIS S AS PHVLVALTRHTT 

CR - TMV DVNTVHEVQGETYEKTAI VRLTS TPLE 1 1 SRAS PHVLVALTRHTT 

RJW-SH DVNTVHEVQGETYEKTAIVRLTATPLE 1 1 SRAS PHVLVALTRHTT 

CRMV D VNTVHE VQGE TYE KTAI VRLTATPLE 1 1 SRAS PHVLVALTRHTT 

TMV - CG DVNTVHEVQGETYEKTAIVRLTATPLE 1 1 SRAS PHVLVALTRHTT 

CGMMV DVNTVHE I QGETFEETAWRATPTP IGL IARDS PHVL VALTRHTK 

CGMMV-W DWTVHEIQGETFEETAWRATPTPIGLIARDS PHVL VALTRHTK 

CFMMV DVNTVHE VQGETYEETS WRATATP I GL I S RKS PHVL VALS RHTK 

YCGMMV D VNTVHE VQGET YE CTS WRATATP IGL IS RKS PHVL VALS RHTK 

SHMV DWTVHEAQGETYRDVNLIRVTATPLTIVSAGSPHVTVALSRHTN 

401 

TMV KR SLKYYTWMDPLVS I IRDLEKLSS YLLDMYKVDA 

TMV - RAK SLKYYTWMDPLVS I IRDLEKLSS YLLDMYKVDA 
PO 3 5 8 6 TMVSLKYYTWMDPLVS I IRDLEKLSS YLLDMYKVDA 

TOMV SLKYYTWMDPLVS 1 1 RDLERVSS YLLDMYKVDA 

P PMV S I KYYTWLDAWS VLRDLECVS S YLLDMYKVDV 

TMGMV SFKYYTWLDPLVQIISDLSSLSSFLLEMYMVEA 

TMV OB CFKYYTWLDPLVKLVRDLECVSNFLLDVYMVDS 

ORSV S F KY YC WLD P L VKVC S D L S KVS D F I LDM YKVD A 

TVCV CCKYYTWLDPMVNVI SEMEKLSNFLLDMYRVEA 

CR-TMV RCKYYTWLDPMVNVI SEMEKLSNFLLDMYRVEA 

RMV - SH RCKYYTWLDPMVNVI SELGKLSNFLLEMYKVES 

CRMV RCKYYTWLDPMVNVI SELGKLSNFLLEMYKVES 

TMV- CG RCKYYTWLDPMVNVI SEMEKLSNFILDMYKVES 

CGMMV AMVYYTWFDAVTS I IADVEKVDQS ILTMFATTV 

CGMMV-W AMVYYTWFDAVTS I IADVEKVDQS ILTMFATTV 

CFMMV AMTYYTVTVDPVSCIIADLEKVDQSILSMYASVA 

YCGMMV TMTYYTVTVDPVSCIIADLEKVDQSILSMYATVA 

SHMV RFVYYTWPDWMTTVQKTQCVSNFLLDMYAVAY 



Return to Home Page 

Last Updated: Thur., May 31, 2001 



http://opbs.okstate.edu/virevol/tobamohel.html 



1/15/03 



Tobamovirus RdRP-- Alignment MW-^ 1 * C Page 1 of 5 

Tobamovirus RNA dependent RNA p< jierase 



A three-dimensional structure of a RNA-dependent RNA polymerase, that encoded by poliovirus, has been reported by 
Hansen et al . The alignment used for tree construction is enhanced below by the amino acid sequence of the poliovirus 
RdRP aligned to the tobamoviral RdRp's. A 3D line is provided that identifies the helices (upper case Roman) and beta- 
structure elements (numerals) described in that report. The footnote line refers to notes at the bottom that relate to 
functional or structural comments. 



TMV-Rak 

TMV -WANG 

TOMV-L 

TMV-KR 

PMMV 

TMGMV 

ORSV 

TVCV 

CR-TMV 

RMV-SH 

CRMV 

TMV -CG 

TMV-OB 

CGMMV 

CGMMV -W 

CFMMV 

Y CGMMV 

SHMV 



TMV-vul - - MQFYYDKCLPGNSTMMNNFD AVTMRLTD I S LNVKDC I LDMSKSVA 

--MQFYYDKCLPGNSTMMNNFD AVTMRLTD IS LNVKDC I LDMSKSVA 

- - MQFYYDKCLPGNSTMMNNFD AVTMRLTD IS LNVKDC I LDMSKSVA 

- -MQFYYDKCLPGNSTLLNNYD AVTMKLTDISLNVKDCILDMSKSVA 

--MQFYYDKCLPGNSTMMNNFD AVTMRLTD IS LNVKDC I LDMSKSVA 

--MQYYYDKCLPGNSTILNEYD AVTMQ I RENS LNVKD CVLDMS KS VP 

PDLQ F Y YD VCLPGNS T I LNKYD AVTMRLRDNS LNVKD CVLDFS KS I P 

- -MQFYYDTLLPGNSTILNEYD AVTMNLRENNLNVKDCT IDFS KS VS 

- -MQFYYDALLPGNSTILNEFD AVTMNLRD I S LNVKDCR IDFS KS VQ 

- -MQFYNDTLLPGNSTILNEYD AVTMNLRD IS LNVKDCR I DFSKSVQ 

- -MQFYYDTLLPGNSTILNEFD AVTMNLRD I SLNVKDCR IDFS KSVQ 

- -MQFYYDTLLPGNSTILNEFD AVTMNLRD I SLNVKDCR I DFSKSVQ 

--MQFYYDTLLPGNSTILNEFD AVTMNLRD I SLNVKDCR I DFSKSVQ 

QDLQFYYDKCLPGNSTVLNEFD AVTMNCSDISLNVKDCVLDFSKSVP 

--MQEFYDRCLPGNSFVLNDFD AVTMRLRDNEFNLQPCRLTLSNLDP 

TDMQEFYDRCLPGNSFVLNDFD AVTMRLRDNEFNLQPCRLTLSNLDP 

- - MQNF YDACLPGNS FVLND YD SVTMRLVDNE INLQPCRLTLS KADP 

TDMQS F YDACLPGNS FVLND YD SVTMRLADNEFNLQPCRLTLSKADP 

- - LQ YF YDS WLPGNS FVQNNHD QWS 1 1 S S D INLHS EAVRLDMNKRH - 

POLIORDRP GE I QWMRPS KEVGYP I INAPS KTKLEPS AFHY - VFEGVKE PAVLTKNDPR 

3D 

Footnote 11 1 

TMV VUL AP KDQIK-PLI PMVRTAAEMPRQTGLLENL VAM I KRNFNAPEL S G 1 1 

TMV - RAK AP KDQIK - PLI PMVRTAAEMPRQTGLLENLVAMIKRNFNAPELSGI I 

TMV WANG AP KDQIK-PLIPMVRTAAEMPRQTGLLENLVAMIKRNFNAPELSGII 

TOMV L AP KDVKP-TL I PMVRTAAEMPRQTGLLENL VAMIKRNFNSPELSGW 

TMV - KR AP KDQIK-PLI PMVRTAAEMPRQTGLLENL VAM I KRNFNAPELS G 1 1 

PMMV LP - - - RESET -TLKPVIRTAAEKPRKPGLLENLVAMIKRNFNSPELVGW 

TMGMV SPA MP KEVKP - CLEPVLRTAAEPPRAAGLLENLVAMIKRNFNAPDLTGTI 

ORSV VP RQQEE - FFTPVIRTAAERPRSAGLLENLVAMIKRNFNSPDLTGIL 

TVCV LP KEQPI -FLKPKIRTAAEMPRTAGLLENLVAMIKRNMNAPDLTGTI 

CR-TMV LP KEQPI -FLKPKIRTAAEMPRTAGLLENLVAMIKRNMNAPDLTGTI 

RMV- SH VP KERPV-FMKPKLRTAAEMPRTAGLLENLVAMIKRNMNAPDLTGTI 

CRMV VP KERPV- FMKPKLRTAAEMPRTAGLLENLVAMIKRNMNAPDLTGTI 

TMV-CG LP RERPI - FMKPKLRTAAEMPRTAGLLENLVAMIKRNMNAPDLTGTI 

TMV OB LP RDNTKVPMTPVIRTAAERPRSQGLLENLVAMIKRNFNSPELSGTV 

CGMMV VPAL I KNEAQNFL I PVLRTACERPR I PGLLENLVAMI KRNMNTPDLAGTV 

CGMMV - W VP AL VKS EAQNFLI PVLRTACERPR I PGLLENL VAM I KRNMNTPDLAGTV 
C FMMV VTES LKME KKEFL I PLGKTATERPR I PGLLENL I AI VKRNFNTPDLAG S L 

Y CGMMV VAESIKLERKNIDKLDLKTATERPRIPGFLENLVAIVKRNFNTPDLAGVL 

SHMV 1 PRTKGEFLRPLLNTAVEPPRI PGLLENLLALI KRNFNAPDLAGQL 

POL I ORDR P L K - TNFEEAI FS KYVGNKI TEVDEHMKEAVDHYAGQLMS LDINTEQ 

3D AAAAAAAAAAAAAAAAA 

Footnote 

TMV VUL DIENTASLWDKFFDSYLLKE KRKPNKNVSLFSRESLNRWLEKQE 

TMV-RAK DIENTASLWDKFFDSYLLKE KRKPNKNVSLFSRESLNRWLEKQE 

TMV WANG DIENTASLWDKFFDSYLLKE KRKPNKNVSLFSRESLNRWLEKQE 

TOMV L DIENTASLWDKFFDSYLLKE KRKPNKNFSLFSRESLNRWIAKQE 

TMV-KR DIENTASLWDKFFDSYLLKE KRKPNKNVSLFSRESLNRWLEKQE 

PMMV D I EDTAS L WDKFFDAYL I KE KKKP-KNIPLLSRASLERWIEKQE 

TMGMV SPA DIESTASVWDKFFDSYFIKK EKYTKNIAGVMTKDSMMRWLENRK 

ORSV D I EDTAEL WNKFWDAY I IDE - LSGGNVTPM TSDAFHRWMAKQE 

TVCV DIEDTASLWEKFWDSYVDKE-FSGTNEMTM TRESFSRWLSKQE 
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CR-TMV 

RMV-SH 

CRMV 

TMV-CG 

TMV OB 

CGMMV 

CGMMV -W 

CFMMV 

YCGMMV 

SHMV 

POLIORDRP 
3D 

Footnote 
TMV VUL 
TMV-RAK 
TMV WANG 
TOMV L 
TMV- KR 
PMMV 

TMGMV SPA 

ORSV 

TVCV 

CR-TMV 

RMV-SH 

CRMV 

TMV-CG 

TMV OB 

CGMMV 

CGMMV - W 

CFMMV 

YCGMMV 

SHMV 

POLIORDRP 
3D 

Footnote 
TMV VUL 
TMV-RAK 
TMV WANG 
TOMV L 
TMV - KR 
PMMV 

TMGMV SPA 

ORSV 

TVCV 

CR-TMV 

RMV-SH 

CRMV 

TMV-CG 

TMV OB 

CGMMV 

CGMMV -W 

CFMMV 

YCGMMV 

SHMV 

POLIORDRP 
3D 

Footnote 
TMV VUL 
TMV-RAK 
TMV WANG 
TOMV L 
TMV- KR 
PMMV 

TMGMV SPA 



DIEDTASLWEKFWDSYIDKL 3GTNEMTM TRESFSRWLSKQE 

D I EDT AS L WE KFWD AYWKE - FSGTDGMAM TRESFSRWLSKQE 

D I EDTASLWEKFWDAYWKE - FSGTDGMAM TRESFSRWLSKQE 

D I EDTASLWEKFWDAYWKE- FSGTDGMAM TRESFSRWLSKQE 

DMENTAS WADR F FDS YFL KD KLS GCS LGDS GGKN 1 1 DRQAL I RWMEKQE 

DITNMSISIVDNFFSSFVRDE-V LLDHLDCVRASSIQSFSDWFSCQP 

DITNMSISIVDNFFSSFVRDE-V LLDHLDCVRASSIQSFSDWFSCQP 

D I S S I S KG WDNF FS TFLRDE - Q LADHLCKVRSLSLESFSAWFDNQS 

DIDTIS KS WDNFFTTFLRDE - Q LSDHLVRVRSCSLES FS AWFHNQA 

DYDFLSRKVCDGFFGKLLPPD-VEASELLRLPVDHMYSVQNFDDWLNKQE 
MCLEDAMYGTDGLEALDLSTS AG YP YVAMGKKKRD I LN 



QVTIGQLADFDFVDLPAVDQYR -HMYKAQPKQKLDTS IQTEYPA- LQTIV 
RVT I GQLAD FDF VDLPAVDQYR - HM I KAQPKQKLDTS I QTE YPA - LQT IV 
QVTIGQLADFDFVDLPAVDQYR -HMIKAQPKQKLDTS IQTEYPA- LQTIV 
QVTIGQLADFDFVDLPAVDQYR -HM I KAQPKQKLDLS IQTEYPA- LQTIV 
QVTIGQLADFDFVDLPAVDQYR -HMIKAQPKQKLDTS IQTEYPA- LQTIV 
KSTIGQLADFDFIDLPAVDQYR-HMIKQQPKQRLDLSIQTEYPA-LQTIV 
EVLLDDLANYNFTDLPAIDQYK-HMIKAQPKQKLDLSIQNEYPA- LQTIV 
KSTIRQLADFDFVDLPAIDQYK-HMIKAQPKQKLDLSPQDEYAA-LQTIV 
SSTVGQLADFNFVDLPAVDEYK- HMIKSQPKQKLDLS IQDEYPA- LQTIV 
SSTVGQLADFNFVDLPAVDEYK-HMIKSQPKQKLDLS IQDEYPA- LQTIV 
SSTVGQLADFNFVDLPAVDEYK-HMIKSQPKQKLDLS IQDEYPA- LQTIV 
SSTVGQLADFNFVDLPAVDEYK -HMIKSQPKQKLDLS IQDEYPA -LQTIV 
SSTVGQLADFNFVDLPAVDEYK -HMIKSQPKQKLDLS IQDEYPA -LQT IV 
KSTIGQLADYDFVDLPAIDQYR-HI IKSQPKQKLDLS IQSE YPS - LQTIV 
TSAVGQLANFNFIDLPAFDTYM-HMIKRQPKSRLDTSIQSEYPA- LQTIV 
TS AVGQLANFNF IDLPAFDTYM - HMI KRQPKSRLDTS I QS E YPA- LQT IV 
TCALGQLSNFDFVDLPPVDVYN - HMIKRQPKS KLDTS I QSE YPA - LQTIV 
TAAMGQLANFDFSDLPPVDMYT-HMIKRQPKSKLDTSIQSEYPA- LQTIV 
PGWGQLANWDHIGMPAADQYR-HMIKRTPKAKLDLSIQSEYPA-LQTIV 
KQTRD TKEMQKLLDTYG INLPL VTYVKDELR S KTKV -EQGKSRLI EAS S L 

YHSKKINAIFGPLFSELTRQLLDSVDSSRFLFFTRKTPAQIEDFFGDLDS 
YHSKKINAIFGPLFSELTRQLLDSVDSSRFLFFTRKTPAQIEDFFGDLDS 
YHSKKINAIFGPLFSELTRQLLDSVDSSRFLFFTRKTPAQIEDFFGDLDS 
YHSKKINAIFGPLFSELTRQLLDSIDSSRFLFFTRKTPAQIEDFFGDLDS 
YHSKKINAIFGPLFSELTRQLLDSVDSSRFLFFTRKTPAQIEDFFGDLDS 
YHSKKINALFGPVFSELTRQLLETIDSSRFMFYTRKTPTQIEEFFSDLDS 
YHSKQINGILAG - FSELTRLLLEAFDSKKFLFFTRKTPEQIQEFFSDLDS 
YHS KQ INAI FGPLFAELTRQLLERIDSS KFLF YTRKTPEQI EEFLSDLDS 
YHSKKINAIFGPMFSELTRMLLERIDSSKFLFYTRKTPAQIEDFFSDLDS 
YHSKKINAIFGPMFSELTRMLLERIDSSKFLFYTRKTPAQIEDFFSDLDS 
YHSKKINAIFGPMFSELTRMLLERIDTSKFLFYTRKTPTQIEEFFSDLDS 
YHSKKINAIFGPMFSELTRMLLETIDTSKFLFYTRKTPTQIEEFFSDLDS 
YHSKKINAIFGPMFSELTRMLLERIDTSKFLFYTRKTPTQIEEFFSDLDS 
YHSKKINALFGPIFSELTRQMLSAIDTSRYLFFTRKTPEQIEEFFSDLDA 
YHPKVVNAVFGPVFKYLTTKFLSMVDSSKFFFYTRKKPEDLQEFFSDLSS 
YHPKWNAVFGPVFKYLTTKFLSMVDSSKFFFYTRKKPEDLQEFFSDLSS 
YHSKLVNAVFGPVFRYLTSEFLSMVDNSKFFFYTRKLRMICKFLFPHFPN 
YHSKLVNAVFGPVFRYLTSEFLSMVDNSKFFFYTRKTPEDLQSFFSTLSA 
YHSKHVNAVFGPIFSCLTERLLSWDPLRFKFFTRTTPADLEFFFRDMW 

NDSVAMRMAFGNLYAAFHK NPGVITGSAVGCDPDLFWSKIPV 

BBBBB - CCCCCCCCC DDDDDD 

aaaaaaaa 

HVPMDVLELDISKYDKSQNEFHCAVEYEIWRRLGFEDFLGEVWKQGHRKT 
HVPMDVLELDI SKYDKSQNEFHCAVEYE IWRRLGFEDFLGEVWKQGHRKT 
HVPMD VLELD I S KYDKSQNEFHCAVEYE I WRRLGFEDFLGEVWKQGHRKT 
HVPMD VL E LD VS KYDKS QNE FH CAVE YE I WRRLGLED FLAE VWKQGHRKT 
HVPMD VLELD I S KYDKS QNEFHCAVE YE IWRRLGFEDFLGEVWKQGHRKT 
NVPMD I LE LD I S KYDKS QNE FHCAVE YE I WKRLGLDDFLAEVWKHGHRKT 
HVPMD VLELD I S KYDKSQNEFHCAVEYE I WKRLGLNEFLAE VWKQGHRKT 
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ORSV TVPMEAL VLD I S KYDKS QNE I AVEYFIWEKLGLNGFLEEVWKQGHRKT 

TVCV TQAME ILELD I S KYDKS QNE FH CAVE YKI WEKLG I DEWLAE WKQGHRKT 

CR - TMV TQAME ILELDIS KYDKS QNE FHCAVE YKI WEKLG I DEWLAE WKQGHRKT 

-RMV-SH S QAME I LELD I S KYDKS QNEFHC AVE YKI WEKLG I DEWLAE VWRQGHRKT 

CRMV SQAME I LELD I S KYDKSQNEFHCAVE YKI WEKLG I DDWLAE VWRQGHRKT 

TMV-CG S QAME I LELD I S KYDKS QNE FHCAVE YKI WEKLG I DDWLAE VWRQGHRKT 

TMV OB HQ PME VL ELD VS KYDKS QNE FHCAVE YE I WKRLG I DE FLAE VWKQGHRKT 

CGMMV HS D YE I L ELD VS KYDKSQS D FHF S I EMAI WEKLGLDD I LAWMWS MGHKRT 

CGMMV-W HSDYE ILELDVS KYDKSQSDFHFS IEMAI WEKLGLDD ILAWMWSMGHKRT 

CFMMV KQE YE I LELD VS KYD KSQND FHQAVEML I WE RLGLDD I LAR I WEMGHKKT 

YCGMMV KE S YE I LELD VS KYDKS QTD FHQAVEML I WE RLGLDD VLAR I WEMGHKKT 

SHMV - GDME ILELD I S KYDKSQNKFHFEVEMRI WEMLGIDKYI EKVWENGHRKT 

POLIORDRP LMEEKLFAFDYTGYDASLSPAWFEALEMVLEKIGFGDRVDYIDYLNHSHH 

3D D 11111111* EEEE FFFFFFFFFFFFF - - GGGGGG 

Footnote 4 6 

TMV VUL TLKDYTAGIKTCIWYQRKSGDVTTFIGNTVIIAACLASMLPME K 

TMV - RAK TLKDYTAG I KTC IWYQRKSGDVTTFIGNTVI IAACLASMLRME K 

TMV WANG TLKDYTAG I KTC IWYQRKSGDVTTFIGNTVI I AACLASMLPME K 

TOMV L TLKDYTAGIKTCLWYQRKSGDVTTFIGNTVIIASCLASMLPME K 

TMV- KR TLKDYTAG I KTC I WYQRKSGDVTTFI GNTVI I AACLASMLPME K 

PMMV TLKDYTAGIKTCLWYQRKSGDVTTFIGNTI I IAACLSSMLPME R 

TMGMV SPA TLKDYIAGIKTCLWYQRKSGDVTTFIGNTVIIAACLGSMLPME K 

ORSV SLKDYTAGIKTCLWYQRKSGDVTTFIGNTVIIAACLASMIPMD K 

TVCV TLKDYTAGVKTCLWYQRKSGDVTTFIGNTIIIAACLSSMIPMD K 

CR-TMV TLKD YT AG I KTCL WYQRKSGDVTTFI GNT 1 1 IAACLSSMIPMD K 

RMV-SH TLKDYTAG I KTCLWYQRKSGD VTTF I GNT 1 1 1 AACL S SM I PMD K 

CRMV TLKDYTAG I KTCL W YQRKSGD VTTF I GNT 1 1 IAACLSSMI PMD K 

TMV-CG TL KD YT AG I KTC L W Y QRKS GD VTT F I GNT 1 1 1 AAC L S SM I PMD K 

TMV OB TLKDYTAG I KTCLWYQRKSGD VTTF I GNTVI I AACMASMLPME K 

CGMMV ILQDFQAGIKTLIYYQRKSGDVTTFIGNTFIIAACVASMLPLD K 

CGMMV - W I LQDFQAG I KTL I YYQRKSGDVTTF IGNTF I IAACVASMLPLD K 

CFMMV HIS D FQAG I KTL I Y YQRKS GD VTT F I GNT F 1 1 AAC VAS MVPL S R 

YCGMMV S I SDFQAG I KTVI YYQRKSGDVTTF IGNTF 1 1 AACVASMIPLS R 

SHMV HLRD YTAG I KTVI E YQRKS GDVTTF I GNT 1 1 IAACLCS ILPME K 

POLIORDRP LYKNKTYCVKGGM PSGCSGTSIFNSMINNLIIRTLLLKTYKGIDLD 

3D HHHHHHHHHHHHHHHHHHHHHH 

Footnote 5 aaaaaa 

TMV VUL IIKGAFCGDDSLLYFPKGCEFPDV-QHSA- -NLMWNFEAK LFKKQ 

TMV -RAK I IKGAFCGDDSLLYFPKGCEFPDI-QHSV- -NLMWNFEAK LFKKQ 

TMV WANG I IKGAFCGDDSLLYFPKGCEFPDV-QHSA- -NLMWNFEAK LFKKQ 

TOMV L LIKGAFCGDDSLLYFPKGCEYPDI-QQAA- -NLMWNFEAK LFKKQ 

TMV - KR I IKGAFCGDDSLLYFPKGCEFPDV-QHSA- -NLMWNFEAK LFKKQ 

PMMV LIKGAFCGDDSILYFPKGTDFPDI -QQGA- -NLLWNFEAK LFRKR 

TMGMV SPA VIKGAFCGDDSVLYFPKGLDFPDI-QSCA- -NLMWNFEAK LYRKR 

ORSV VIKAAFCGDDSILDIPKGLDLPDI-QSEA- -NLMWNFEAK LYRKR 

TVCV VIKAAFCGDDSLIYIPKGLDLPDI-QAGA- -NLMWNFEAK LFRKK 

CR-TMV VI KAAFCGDDS L I Y I PKGLDLPD I -QAGA- -NLMWNFEAK LFRKK 

RMV-SH VIKAAFCGDDSLIYIPKGLDLPDI -QAGA- - NLTWNFEAK LFRKK 

CRMV VIKAAFCGDDSLIYIPKGLDLPDI -QAGA- -NLTWNFEAK LFRKK 

TMV-CG VIKAAFCGDDSLIYIPKGLDLPDI -QAGA- -NLTWNFEAK LFRKK 

TMV OB VIKAAFCGDDSLVYLPKGCELPNI-QSCA- -NLMWNFEAK LFKKT 

CGMMV CFKASFCGDDSLIYLPKGLEYPDI -QATA- -NLVWNFEAK LFRKK 

CGMMV- W CFKASFCGDDSLIYLPKGLEYPDI -QATA- -NLVWNFEAK LFRKK 

CFMMV SFKAAFCGDDSLIYMPPNLEYNDI-QSTA- -NLVWNFEAK LYKKK 

YCGMMV SFKASFCGDDSLIYMPPGLEYPDI -QATA- -NLVWNFEAK LFKKR 

SHMV VFKAGFCGDDS 1 1 YLPRNLLYPDI -QSVS - -NNMWNFEAK LFKKL 

POLIORDRP HLKMIAYGDDVIASYPHEVDASLLAQSGKDYGLTMTPADKSAIFETVTWE 

3D 222222- --333333 IIIIIIIIIII -4444 

Footnote 44 9 9 

TMV VUL YGYFCGRYVIHHDRGCIVYYDPLKL - ISKLGAKHIKDWEHLEEFRRSLCD 

TMV- RAK YGYFCGRYIIHHDRGCIVYYDPLKL- ISKLGAKHIKDWEHLEEFRRSLCD 

TMV WANG YGYFCGRYVIHHDRGCIVYYDPLKL- ISKLGAKHIKDWEHLEEFRRSLCD 

'TOMV L YGYFCGRYVIHHDRGCIVYYDPLKL- ISKLGAKHIKDWDHLEEFRRSLCD 

TMV- KR YGYFCGRYVIHHDRGCIVYYDPLKL -ISKLGAKHIKDWEHLEEFRRSLCD 
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PMMV YGYFCGRYI IHHDRGCIVYYL. .KL -IS KLGAKHI KNREHLEEFRTS LCD 

TMGMV SPA YGYFCGRYI I HHDKGAI VY YD PL KL - 1 S KLGAKHI KDYDHLEELRVS LCD 

ORS V YGYFCARYI IHHDRGAI VYYDPLKL -IS KLGCKHI KS LDHLEEFRMS LCD 

TVCV YGYFCGRYVIHHDRGAI VYYDPLKL - 1 SKLGCKHIRDWHLEELRESLCD 

CR - TMV YGYFCGRYVIHHDRGAI VYYDPLKL - 1 SKLGCKHIRDWHLEELRESLCD 

RMV-SH YGYFCGRYVIHHDRGAIVYYDPLKL-ISKLGCKHIRDEVHLEELRRSLCD 

CRMV YGYFCGRYVIHHDRGAI VYYDPLKL - 1 SKLGCKHIRDEVHLEELRRSLCD 

TMV - CG YGYFCGRYVIHHDRGAI VYYDPLKL - 1 SKLGCKHIRDEVHLEELRRSLCD 

TMV OB YGYFCGRYVIHHDRGAIVYVDPLKI-ISKLGAKHITDKEHLEEFRISLAD 

CGMMV YGYFCGKYI IHHANGCIVYPDPLKL - ISKLGNKSLVGYEHVEEFRISLLD 

CGMMV-W YGYFCGKYI IHHANGCIVYPDPLKL -ISKLGNKSLVGYEHVEEFRISLLD 

CFMMV YGYFCGKYV IHHANGCIVYPDPLKL - ISKLGNKSLES YDHLEEFRISLMD 

YCGMMV YGYFCGKYVIHHSNGCIVYPDPLKL- ISKLGNKSLES YDHLEEFRISLMD 

SHMV HGYFCGRYILRNGRYLRLLPDPLKI - ITKLGCKAIKDWDHLEEFRISMFD 

POLIORDRP NVTFLKRFFRADEKYPFLIHPVMPMKEIHESIRWTKDPRNTQDHVRSLCL 

3D -555 --66666 7 7 7 7 7 - J J J J J J J J J KKKKKKKKKKKKK 

Footnote 77 . ' 88 8 

TMV VUL VAVSLNN-CAYYTQLDDAWEVHKTAPPGSFWKSLVKYLSDKVLFRSLF 

TMV- RAK VAVSLNN-CAYYTQLDDAVWEVHKTAPPGSFVYKSLVKYLSDKVLFRSLF 

TMV WANG VAVSLNN-CAYYTQLDDAWEVHKTAPPGSFVYKSLVKYLSDKVLFRSLF 

TOMV L VAESLNN-CAYYTQLDDAVGEVHKTAPPGSFVYKSLVKYLSDKVLFRSLF 

TMV- KR VAVSLNN-CAYYTQLDDAWEVHKTAPPGSFVYKSLVKYLSDKVLFRSLF 

PMMV VAGSLNN - CAYYTHLNDAVGEVIKTAPLGSFVYRALVKYLCDKRLFQTLF 

TMGMV SPA VACSLGNWCLGFPQLNAAIKEVHKTAIDGSFAFNCVNKFLCDKFLFRTLF 

ORSV VSSSLNN- CALFGQLNDAIAEVHKTAVNGSFAFCS IVKYLSD? ??????? 

TVCV VASNLNN - CAYFSQLDEAVAEVHKTAVGGS FAFCS I IKYLSDKRLFRDLF 

CR-TMV ' VASNLNN - CAYFSQLDEAVAEVHKTAVGGS FAFCS I IKYLSDKRLFRDLF 

RMV- SH VT SNLNN - C AYFS Q LDEAVAEVHKTAVGGAFVYC S 1 1 KYL S DKRL F KDL F 

CRMV VTSNLNN - CAYF S QLDEAVAE VHKTAVGGAFVYCS I IKYLSDKRLFRDLF 

TMV-CG VTSNLNN -CAYFSQLDEAVAEVHKTAVGGAFVYCS I IKYLSDKRLFKDLF 

TMV OB VS KS LNN - C A Y Y AQ LDE AVRE VHKT AP PG S F VYKC I VKF L S NR VL FE S L F 

CGMMV VAHSLFN-GAYFHLLDDAIHELFPNAGGCSFVINCLCKYLSDKRLFRSLY 

CGMMV-W VAHSLFN-GAYFHLLDDAIHELFPNAGGCSFVINCLCKYLSDKRLFRSLY 

CFMMV VAKPLFN-AAYFHLLDDAIHEYFPSVGGSTFAISSLCKYLSNKQLFGSLF 

YCGMMV VAKPLFN - AAYFHLLDDAIHEYFPS VGGS S FAINS LCKYLSDKWLFRSLF 

SHMV MACE YKN - CFGFDVLES AVKES FPKAEGCNVAFCAI YKFLSNKYLFRTLF 

POLIORDRP LAWHNGE - EE YNKFL AKIRSVPIGRALLLPEYSTLYRRWL 

3D KKKK--L-LLLLLLL LLLL--MMMM NNNNNNNNN 

Footnote 8 0 

TMV VUL ID 

TMV -RAK IN 

TMV WANG ID 

TOMV L LD 

TMV-KR ID 

PMMV LE 

TMGMV SPA LN 

ORSV ?? 

TVCV FV 

CR-TMV FV 

RMV-SH FV 

CRMV FV 

TMV-CG FV 

TMV OB F? 

CGMMV ID 

CGMMV-W ID 

CFMMV IK 

YCGMMV AK 

SHMV SD 
POLIORDRP DS 

3D NN 
• Footnote 
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Footnotes: 

1. N-terminal residues interacting with the thumb. 

4. Three aspartates involved in metal ion binding at the active site. 

5. Determinant of preference for NTP over dNTP. Could interact with 2' OH of substrate NTP. 

6. Caps a helical turn 

7. beta-turn. 

8. Interaction across interface I 

9. Interaction across interface I with Arg 456 
0. See 9. 

a. Extra residues are present between helix H and beta-2 for poliovirus and between helix D and helix C for 
tobamoviruses. Their sequence similarity (YKGID for polio vs. LDSID for ToMV) suggests that they may serve 
similar functions in providing part of Interface I. 



Return to Home Page 
Last Updated: 31 May 2001 
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Tobamovirus Movement Protein 



SHMV 
CGMMV 
CGMMV -W 
C- CGMMV 
CFMMV 
Y CGMMV 

FPMV 

TMV -CG 

CRMV 

CR-TMV 

RMV-SH 

TVCV 

TMGMV 

TMV -OB 

PMMV 

ORSV 

TOMV-L 

TMV-vuI 

TMV-Rak 



SKI ST - - LLAPEKFVKLS VSDKFKWKAPSRVCS I VQSDTISMTANGR- SL 

SKVSVENSLKPEKFVKISWVDKXLPNYFSILKYLSITDFSWKAQSYESL 

SKVSVENSLKPEKFVKISWVDKLLPNYFSILKYLSITDFSWKAQSYESL 

SSVGVKNVLKPNEFVKLSWVDRILPDMFTVYRYLSVTDYSVIKSKDSECL 

SKVGVRNALKPEEFVKITWVDKLLPDAFTILKYLSITDYSVVQSKDYEHL 

SSVGVKNVLKPNEFVKLSWVDRILPDMFTVYRYLSVTDYSVIKSKDSECL 

VELKEPKQLKVNDFVKMSFADKILPRSLTRLRTVSISETmA^KLSGLGST 

? ? ? 7MSYEPKVSDFIJU.TKKEEILPKAFTRLKTVSISTKDVISVKDSESL 

? ? ? ?MSYEPKVSDFLALTKKEEILPKALTRLKTVSISTKDVISVKESESL 

?MSIVSYEPKVSDFLNLSKKEEILPKALTRLKTVSISTKDIISVKESETL 

????MSYEPKVSDFLALTKKEEILPKALTRLKTVSISTKDVISVKESESL 

?MS I VS YEPKVSDFLNLSKKEE ILPKALTRLKTVS I STKDI ISVKESETL 

MAVSLRDTVKISEFIDLSKQDEILPAFMTKVKSVRISTVDKIMAVK3SFDSL 

- - "MSKAIVKIDEFIKLSKSEEVLPSAFTRMKSVRVSTVDKIMAKENDNI 

MALWKDDVKISEFINLSAAEKFLPAVMTSVKTVRISKVDKVIAMENDSL 

MALVT.RDSIKISEFINLSASEKLLPSALTAVKSVRISKVDKIISYENDTL 

MALWKGKVNINEFIDLSKSEKLLPSMFTPVKSVMVSKVDKIMW 

MALWKGKVNINEFIDLTKMEKILPSMFTPVKSVMCSKVDKIMVHENESL 

MALWKGKVNINEFIDLTKMEKILPSMFTPVKSVMCSKVDKIMVHENESL 



SHMV3 OK 

CGMMV3 0K 

CGMMV-W 

C - CGMMV 

CFMMV 

YCGMMV 

FPMV 

TMVCG 

CRMV 

CRTMV 

RMV-SH 

TVCV 

TMGMVA 3 0 
TMV OB 
PMMV 

DRSV 30K 
TMVL3 0K 
TMVOM30K 
TMV-RAK 
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FTFDVLKDVLKHA- EEYTYVDVLGWLSGQWLLPKGTPGSAEI ILLDSRL 
VP VKLLRGV - - DL - TKHLYVTLLGVWSGVWNVPESCRGGATVALVDTRM 
VPVKLLRGV - - DL - TKHL YVTLLGVWSGVWNVPESCRGGATVALVDTRM 
I P VDLLRG V - - DL - S KS KYVTL VG W I S G VWT I PENCAGGATVALVDTRM 
I P VDLLRG V - -DF-SKS KYVTL VGWISG VWT I PENCAGGATVALVDTRM 
I PVDLLRGV - -DL-SKS KYVTL VG WI SG VWT I PENCAGGATVALVDTRM 
VNLNILKGV--VLNSESKYVTIRGVVISGVWMVPEGGGGGATVTLMDRRM 
CDIDLLVNV--PL-DKYRYVGVLGVVFTGEWLVPDFVKGGVTVSVIDKRL 
CDIDLLVNV- - PL - DKYRYVGVLGVVFTGEWLVPDFVKGGVTVS VIDKRL 
CDIDLLINV- - PL - DKYRYVG ILGAVFTGEWLVPDFVKGGVTI S VIDKRL 
CDIDLLVNV- - PL - DKYRYVGVLGVAFTGEWLVPDFVKGGVTVS VIDKRL 
CDIDLLINV- - PL - DKYRYVG I LGAVFTGEWLVPDFVKGGVT IS VIDKRL 
KSDVDLLKGV- - KL- VKKGYVCLADLWSGEWNLPDNCRGGVSVCIVDKRM 
S EVDLLKGV - - KL - VKNG YVCLVGL WSGEWNLPDNCRGGVS I CL IDKRM 
SDVNLLKGV - - KL - VKDG YVCLAGL WSGEWNLPDNCRGGVS VCLVDKRM 
SD IDLLKGV - - KL - VENG YVCLAGL WTGEWNLPDNCKGGVS I CLVDKRM 
SEVNLLKGV- - KL - 1 EGG YVCLVGL WSGEWNLPDNCRGGVS VCMVDICRM 
SEVNLLKGV- - KL - IDS G YVCLAGL WTGEWNLPDNCRGGVS VCLVDKRM 
SEVNLLKGV- - KL - 1 DSG YVCLAGL WTGEWNLPDNCRGGVS VCLVDKRM 
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5HMV3 0K 
:GMMV3 0K 

:gmmv-w 

> CGMMV 

:fmmv 

"CGMMV 
^PMV 
WCG 

:rmv 
:rtmv 

.MV-SH 
'VCV 
'MGMVA 
'MV OB 
MMV 

RSV 3 OK 
MVL3 0K 
MVOM3 0K 



- KGKAS VLAVFNCRAATQEFQFL I S PGYSLTCADALKKPFE I S CNVIDLP 
HSVAEGTICKFSAPATVREFSVRFIPNYSWAADALRDPWSLFVRLSNVG 
HSVAEGTICKFSAPATVREFSVRFIPNYSWAADALRDPWSLFVRLSNVG 
S MVD EG T I CKF S VAAS TRDFMVKL I PNY YVAAS DAS S KP WS I F VR VS G VR 
S L VS EGT I CKFS VS AAS RDFTVKL I PNYYVTAADAS S KPWS LFVR I SGVR 
S MVD EG T I C KF S VAAS TRD FMVKL I PN Y YVL AS DAS S KP WS I F VR VS G VR 
KGFKNGLVAEFKTRASSRDFQFKFIPNYSMCVDDVKRAPWELFFKLVGVP 
ENS KEC 1 1 GTYRAAAKDKRFQFKLVPNYFVS VADAKRKPWQVHVRI QNLR 
ENSKECIIGTYRAAAKDRRFQFKLVPNYFVSVADAKRKPWQVHVRIQNLK 
ANS KECVI GTYRAAAKSKRFQFKLVPNYFVSTVDAKRKPWQVHVRI QDLK 
ENSRE SM I GTYRAAAKDRRFQFKLVPNYFVSTADAKRKPWQVHVR I QNLK 
VNSKECVIGTYRAAAKSKRFQFKLVPNYFVSTVDAKRKPWQVHVRIQDLK 
3 0 KKRS KEATLGAYHAPACKKNFS FKL I PNYS I TS EDAEKHPWQ VL VNI KGVA 
QRHNEATLGSYTTKASKKNFSFKLIPNYSITSQDAERRPWEVMVNIRGVA 
QRDDEATLG S YRTS AAKKRFAFKL I PNYS I TTADAERKVWQVLVNI RG VA 
KRANEATLGSYHTSACKKRFTFKIIPNYSVTTADALKGIWQVMTNIRGVE 
ERADEATLGSYYTAAAKKRFQFKWPNYGITTKDAEKNIWQVLVNIKNVK 
ERADEATLGSYYTAAAKKRFQFKWPNYAITTQDAMKNVWQVLVNIRNVK 
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VKDGFTPLS VE I ACLVQFSNCVI TRSLTMKLKE -N - - PATRTF SAEE 

IKDGFHPLTLEVACLVATTNSI IKKGLRAS WE - S WSSDQS I-- - VLDS 
I KDGFHPLTLE VACLVATTNS 1 1 KKGLRAS WE - S WS SDQS I - - - VLDS 

I KEGFS PLTLE IAS LVATTNS I LKKGLRVS VLE - S WGSDAS I NLDT 

I KDG FSPLTLEI AS L VATTNS I LKKGLR VS V I E - S WG S DAS V - - -SLDT 

I KEGFS PLTLE IAS LVATTNS ILKKGLRVS VLE - S WGSDAS I NLDT 

IEDGYYPLAIE I ATLVEQSRTI INHGLRATILKRCDDI SDLELPSADLDE 
I EAG WQPLALE WS VAMVTNNVWKGLREKVI A - VNDPNVEG F - EG WDD 
I EAGWQPLALE WS VAMVTNNVWKGLREKVI A - VNDPNVEGF - EGWDD 
I EAGWQPLALE WSVAMVTNNWMKGLREKWA- INDPDVEGF - EGWDE 
I EAGWQPLALE WS VAMVTNNVWKGLREKVI A - VNDPNVEGF - EGWDD 
I EAGWQPLALE WSVAMVTNNWMKGLREKWA- 1 NDPDVEGF- EG WDE 
TMGMVA 3 OKMEEGYCPLSLEFVS ICWHKNNVRKGLRERILS - VTDGSPIELTEKWEE 
MSEGWCPLSLEFVSVCIVHKNNVRKGLREKVTA-VSEDDAIELTEEWDE 
MEKGFCPLSLEFVSVCIVHKSNIKLGLREKITS-VSEGGPVELTEAWDE 
MEKGFCPLSLEFVS I CWYLNNIKLGLREKI LN - VTEGGPTELTEAWDE 
MSAGYCPLSLEFVSVCIVYKNNIKLGLREKVTS-VNDGGPMELSEEVVDE 
MSAGFCPLSLEFVSVCIVYRNNIKLGLREKITN-VRDGGPMELTEEWDE 
MS AGFCPLS LEFVS VCI VYRNNI KIGLREKI TN - VRDGGPMELTEEWDE 



SHMV3 0K 

CGMMV3 0K 

CGMMV-W 

C-CGMMV 

CFMMV 

YCGMMV 

FPMV 

TMVCG 

CRMV 

CRTMV 

RMV-SH 

TVCV 



TMV OB 
PMMV 

ORSV 3 OK 
TMVL3 0K 
TMVOM30K 
TMV-RAK 
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SHMV3 0K 

CGMMV3 0K 

CGMMV-W 

C-CGMMV 

CFMMV 

YCGMMV 

FPMV 

TMVCG 

CRMV 

CRTMV 

RMV-SH 

TVCV 



VDELLGSMTTLRS IEGLRKKKEP 
LSEKVEPFFDKVPISAAVMARDP 
LSEKVEPFFDKVPISAAVMARDP 
VSDKVQPFFDSVPITAAVIARDR 
LSEKVQPFFDSVPITASWSRDR 
VSDKVQPFFDSVPITAAVIARDR 
SIELVSNSNIVSKRKTHKKGKKR 
FVDSVAAFKAVDTFRKKKKR I GG 
FVDSVAAFKAIDSFRKKKKRIGG 
FVDSVAAFKAVDNFKRRKKKVEE 
FVDSVAAFKAIDSFRKKKKKIGG 
FVDSVAAFKAVDNFRKRKKKVEE 
TMGMVA 3 OKFVDEVPMAVKLEKVPENKKEMVG 
TMV OB FIEAVPMARRLQNLRKPKYNKEK 
?MMV F I E S VPMADRLRKFRNQS KKG S N 

}RSV 3 OK FVEKVPMAARLKS FRS VNKKKPS 
TMVL3 OK FMENVPMSVRLAKFRTKSSKRGP 
TMVOM3 OK FMEDVPMS IRLAKFRSRTGKKSD 
TMV - RAK FMEDVPMS IRLAKFRSRTGKKS V 



letum to Home Page 
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TMV-OM 

S34858 

S34857 

S34856 

TMV-ER 

TMV- 06 

TMV-vul 

TMV-DA 

TOMV-L 

ToMV-Kr 

TMGMV 

TMV-OB 

PMMV 

PkMMV 

ORSV 

ORSV-F 

CR-TMV 

TVCV 

RMV 

HRMV . GER 

HRMV . JAP 

WASABI 

TMV-CG 

CRMV 

RMV-SH 

RMV-SH 

RMV -CAB 

CGMMV 

CGMMV-W 

C- CGMMV 

CFMMV 

YCGMMV 

KGMMV 

ZGMMV 

SHMV 



SYSITTPSQFVFLSSAWADPIELINLCTNALGNQFQTQQARTVVQRQFSE 
SYSITTPSQFVFLSSAWADPIELINLCINALGNQFQTQQARTVVQRQFSE 
SYSITTPSQFVFLSSAWADPIELINLCINALGNQFQTQQARTWQRQFSE 
SYSITTPSQFVFLSSAWADPIELINLCINALGNQFQTQQARTWQRQFSE 
SYNITTPSQFVFLSSAWADPLELINLCTNALGNQFQTQQARTVVQRQFSE 
SYSITTPSHFVFLSSAWADPIELINLCTNALGNQFQTQQARTWQRQFSE 
SYSITTPSQFVFLSSAWADPIELINLCTNALGNQFQTQQARTVVQRQFSE 
SYSITSPSQFVFLSSVWADPIELLNVCTSSLGNQFQTQQARTTVQQQFSE 
SYSITSPSQFVFLSSWADPIELLNVCTNSLGNQFQTQQARTTVQQQFSE 
SYTVSSANQLVYLGSVWADPLELQNLCTSALGNQFQTQQARTTVQQQFSD 
PYT INS PS QFVYLS S AYADP VQL INLCTNALGNQFQTQQARTTVQQQFAD 
PYTVTS PS QLVYFGS VWADP I TF IDLCTVALGNQFQTQNARTTVQQQFSD 
AYWSSANQLVYLGSWADPLELQNLCTSALGNQFQTQQARTTVQQQFSD 
PYTVSSPNQLVYFGSVWADPIALIDLCTVSLGNQFQTQNARTTVQQQFSD 
SYTITDPSKLAYLSSAWADPNSLINLCTNSLGNQFQTQQARTTVQQQFAD 
S YT ITDPS KLAYLS S AWADPNSLINLCTNSLGNQFQTQQARTTVQQQFAD 
SYNI TNPNQ YQYFAAVWAEP I PMLNQC I SALS QS YQTQAARDTVRQQFSN 
S YNI TNPNQ YQ YFAAVWAE P I PMLNQCMS ALS QS YQTQAARDTVRQQFSN 
SYNITNSNQYQYFAAVWAEPTPMLNQCVSALSQSYQTQAGRDTVRQQFAN 
SYNITNSNQYQYFAAWAEPTPMLNQCVSALSQSYQTQAGRDTVRQQFAN 
SYNITNSNQYQYFAAWAEPTPMLNQCVSALSQSYQTQAGRDTVRQQFAN 
S YN I TN S NQ YQFFAAWAEP I AMLNQCVS ALS QS YQTQAARDTVRQQFSN 
SYNITSSNQYQYFAAMWAEPTAMLNQCVSALSQSYQTQAARDTVRQQFSN 
VYN I TS SNQ YQ YFAAMWAE PTAMLNQCVS ALS QS YQTQAARDTVRQQFSN 
VYN I TSSNQYQYFAAMWAEPTAMLNQCVSALSQS YQTQAARDTVRQQFSN 
SYNITSSNQYQYFAAMWAEPTAMLNQCVSALSQSYQTQAARDTVRQQFSN 
SYNITSSNQYQYFAAMWAEPQAMLNQCVSALSQS YQTQAARDTVRQQFSN 
AYNPITPSKLIAFSASYVPVRTLLNFLVASQGTAFQTQAGRDSFRESLSA 
AYNPITPSKLIAFSASYVPVRTLLNFLVASQGTAFQTQAGRDSFRESLSA 
S YS TS G I RS LP AFAKS F YPF YDVYNLLVS AQGGALQTQNGKD ILRES LTG 
SYSTSGLRSLPAYTKSFCPYYALYDLLVSAQGGALQTQNGKDILRDSING 
SYS I SS FRSLPAYTKS FYPFIEFYNLLVSSQGGALQTQNGKDISRESLNG 
S YS TS G I RSLPAFAKSF YPF YDVYNLLVS AQGGALQTQNGKD ILRES LTG 
PYSTSGIRSLPAFSKSFFPYLELYNLLITNQGAALQTQNGKDILRESLVG 
AYS I PTPSQLVYFTENYADYI PFVNRL INARSNS FQTQSGRDELRE IL IK 
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TMV - OM VWKPS PQVTVRFPD - SD - F KVYR YNAVLD PL VTALLGAFDTRNR 1 1 EVEN 

S 3 4 8 5 8 VWKPS PQVTVRFPD - SD - F KVYR YNAVLD S L VTALLGAFDTRNR 1 1 DVEN 

S 3 4 8 5 7 VWKPS PQVTVRFPD - SD - FKVYRYNAVLD PL VTALLGAFDTRNR I IDVEN 

S 3 4 8 5 6 VWKPS PQVTVRFPD - SD - FKVYRYNAVLD PL VTALLGAFDTRNR I IDVEN 

TMV-ER VWKPS PQVTVRFPD -RD- FKVYRYNAVLD PLVTALLGAFDTRNR 1 1 EVEN 

TMV - 0 6 VWKPS PQVTVRFPD - RD - FKVYRYNAVLD PLVTALLGAFDTRNR 1 1 EVEN 

TMV VWKPS PQVTVRFPD - SD - F KVYR YNAVLDPL VTALLGAFDTRNR 1 1 EVEN 

TMV-DA VWKPFPQS TVRFPG - D V - Y KVYR YNAVLD PL I TALLGTFDTRNR 1 1 EVEN 

TOMV -L VWKPFPQS TVR F PG - D V - YKVYR YNAVLDPL I TALLG AFDTRNR 1 1 EVEN 

TOMV - KR VWKT I PTATVRFPA - TG - FKVFRYNAVLDSLVS ALLGAFDTRNR 1 1 EVEN 

TMGMV AWKPVPSMTVRFPA - SD - FYVYRYNSTLDPLI TALLNSFDTRNRI IEVDN 

TMV-OB L FKTVPTRTNRFNDGENGFRVFRYNSTLDPL I S ALMNS FDTRNR 1 1 E VDN 

PMMV VWKTI PTATVRFPA-TG- FKVFRYNAVLDSLVS ALLGAFDTRNR 1 1 EVEN 

PKMMV LFKTVPTRTIRFSDGENGFRVFRYNSTLDPLITALLNSFDTRNRIIETEN 

ORSV VWQP VPTLTS RFP AGAG YFRVYR YDP I LDPL I TFLMGTFDTRNR 1 1 EVEN 

ORSV-F VWQPVPTLASRFPAGAGYFRDYRYDPILDPLITFLMGTFDTRNRIIEVEN 

CR-TMV LLSAWAPSQRFPE - TG - S RVYVNS AVI KPLYEALMKS FDTRNR I IETEE 

TVCV LLSAWTPSQRFPD-TG-SRVYVNSAVI KPLYEALMKS FDTRNRI IETEE 

AAB 0 857 9 LLSTIVAPNQRFPD - TG - FRVYVNSAVI KPLYEALMKS FDTRNRI IETEE 

HRMV . GER LLST I VAPNQRFPD-TG- FRVYVNSAVI KPLYEALMKS FDTRNRI I QTEE 

HRMV. JAP LLST I VAPNQRFPD-TG -FRVYVNSAVI KPLYEALMKS FDTRNR I IETEE 

WASABI LLSAIVTPNQRFPE-TG-YRVYVNSAVLKPLYEALMKS FDTRNR I IETEE 



http://opbs.okstate.edu/virevol/tobamocp.html 



Tobamovirus Coat Protein- Alignment 

TMV- CG LLS AIVTPNQRFPD - TG - YRV JSAVLKPLYESLMKSFDTRNRI IETEE 

CRMV LLSAIVTPNQRFPE -AG- YRV* iNSAVLKPLYESLMKSFDTRNRI IETEE 

RMV-SH LLSAIVTPNQRFPE - TG - YRVYINS AVLKPL YESLMKS FDTRNRI IETEE 

AAD56047 LLSAIVTPNQRFPE -TG-YRMY INSAVLKPLYESLMKSFDTRNRI IETEE 

AAD 2 02 92 LLSAIVTPNQRFPE - SG - YRVY INSAVLKPLYEALMKS FDTRNR I IETEE 

CGMMV LPS S WDINSRFPD - AG - FYAFLNGPVLRP I FVSLLS STDTRNRVIEWD 

CGMMV-W LPS S WD INSRFPD - AG - FYAFLNGPVLRP I FVSLLS STDTRNRVIEWD 

C - CGMMV LLTS VASLNSRFPA-NE - FFVWSRESRI AAI IDSLLSALDSRNRAIEVEN 

CFMMV LLTTVASPRSRFPA-EG-FFVWSRESRIAAILDSLLSALDSRNRAIEVEN 

Y CGMMV LLTSVASPKSRFPA-GE-AFVWSRESRIAAILDSLLSALDSRNRAIEVEN 

KGMV LLTS VASLNSRFPA-NE - FFVWSRESRI AAI IDSLLSALDSRNRAIEVEN 

ZGMV LLSSVASPTSQFPS -GV- FYVWSRESRIAALIDSLFGALDSRNRAIEVEN 

SHMV SQVS WS P ISRFPAEPA- YYI YLRDPS ISTVYTALLQSTDTRNRVIEVEN 

100 

TMV - OM QANPTTAETLDATRRVDDATVAI RS AINNLWE L I RGTGS YNRS S FE S S S 

S 3 4 8 5 8 QANPTTAETLDATRRVDDATVAI RSAINNL I VEL I RGTRS YNRS S FE S S Y 

S 34 8 57 QANPTTAETLDATRRVDDATVAI RSAINNL IVELIRGTRSYNRSS FES SS 

S 3 4 8 5 6 QANPMTAETLDATRRVDDATVAIRSAINNLI VELIRGTGS YNRSSFESSS 

TMV-ER QANPTTAETLDATRRVDDATVAIRSAINNL I VELIRGTGS YNRSSFESSS 

TMV- 06 QANPTTAETLDATRRVDDATVAIRSAINNLMVEL I RGTGS YNRSSFESSS 

TMV QANPTTAETLDATRRVDDATVAIRSAINNL I VELIRGTGS YNRS S FES S S 

TMV -DA QQSPTTAETLDATRRVDDATVAIRSAINNLVNELVRGTGLYNQNTFESMS 

TOMV-L QQSPTTAETLDATRRVDDATVAIRSAINNLVNELVRGTGLYNQNTFESMS 

TOMV-KR PQNPTTAETLDATRRVDDATVAIRASISNLMNELVRGTGMYNQALFESAS 

TMGMV QPAPNTTE I VNATQRVDDATVAI RAS INNLANELVRGTGMFNQAGFETAS 

TMV - OB PANPNTSEVASATQRVDDATVNIRACINNLMNELVRGTGMMNTASFETVS 

PMMV PQNPTTAETLDATRRVDDATVAIRAS I SNLMNELVRGTGMYNQALFES AS 

P KMMV P ANPNTAE I AS ATQR VDDATVS I RAC I NNLMNELARGTGMLNTVS FET I S 

ORSV PQNPTTTETLDATRRVDDATVAIRSAINNLLNELVRGTGMYNQVSFETIS 

ORSV-F PQNPTTTETLDATRRVDDATVAIRSAINNLLNELVRGTGMYNQVSFETMS 

CR-TMV ESRPSASEVRNATQRVDDATVSIRSQIQLLLSELSSGHGYMNRAEFEAL- 

TVCV ESRPSASEVANATQRVDDATVAIRSQIQLLLSELSNGHGYMNRAEFEAL- 

AAB0857 9 ESRPSASEVANATQRVDDATVAIRSQIQLLLNELSNGHGYMNRAEFEAI - 

HRMV . GER QSRPSASQVANATQRVDDATVAIRSQIQLLLNELSNHGGYMNRAEFEAI - 

HRMV . JAP ESRPSASQVADATQRVDDATVAIRSQIQLLLNELSNHGGYMDRAQFEAI - 

WASABI ESRPSASEVANATQRVDDATVAIRSQIQLLLSELSSGHGLMNRAEFEVL- 

TMV- CG ESRPSASEVANATQRVDDATVAIRSQIQLLLNELSNGHGLMNRAEFEVL- 

CRMV ESRPSASEVANATQRVDDATVAIRSQIQLLLNELSNGHGLMNRAEFEVL- 

RMV- SH ESRPSASEVANATQRVDDATVAIRSQIQLLLNELSNGHGLMNRAEFEVL- 

AAD5 6 04 7 ESRPSASEVANATQRVDDATVAIRSQIQLLLNELSNGHGLMNRAEFEVL- 

AAD2 02 92 ESRPSASEVANATQRVDDATVAIRSQIQLLLNELSNGHGLMNRAEFEVL- 

CGMMV P SNPTTAES LNAVKRTDDASTAARAE IDNL I ES I S KGFD VYDRAS FEAAF 

CGMMV-W P S N P TTAE S LNAVKRTDD AS T AARAE I DNL I E S I S KG FD VYDRAS FEAAF 

C- CGMMV PSNPSTGEALNATKRNDDA5TAAHNDIPLLLAALNDGVGVFDSASFESAF 

CFMMV PSNPS TSEALNATKRNDDASTAAHND I PQL I S ALNDGAGVFDRASFESQF 

YCGMMV PSNPSTGEALNATKRNDDASTAAHNDIPLLLAALNDGVGVFDTASFESAF 

KGMV PSNPSTGEALNATKRNDDASTAAHNDIPLLLAALNDGVGVFDSASFESAF 

ZGMV PSNPSTGEALNAVKRNDDASTAAHNDIPQILSALNEGAGVFDRASFESAF 

S HMV S TNVTTAEQLNAVRRTDDAS TAI HNNLEQLL S LLTNGTG VFNRTS FE S AS 



TMV-OM 
S34858 
S34857 
S34856 
TMV-ER 
TMV- 06 
TMV 

TMV -DA 
TOMV-L 
TOMV-KR 
TMGMV. 
TMV -OB 



150 

GLVWNSGPA 
GLVWTSGPA 
GLVWTSGPA 
GLVWTSGPA 
GLVWTSGPA 
GLVWTSGPA 
GLVWTSGPA 
GLVWTSAPA 
GLVWTSAPA 
GLTWATTP ? 
GLVWTTTPA 
NLTWTTTTT 
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PMMV 

PKMMV 

ORSV 

ORSV-F 

CR-TMV 

TVCV 

AAB0857 
HRMV . GER 
HRMV . JAP 
WASABI 
TMV-CG 
CRMV 
RMV-SH 
AAD56047 
AAD20292 
CGMMV 
CGMMV-W 
C- CGMMV 
CFMMV 
Y CGMMV 
KGMV 
ZGMV 
SHMV 



GLTWATTP? 
NLTWTTAAT 
GLTWTSS? ? 
GLTWTSS? ? 
-VPWTTAAA 
-LPWTTAPA 

-LPWTTAPA 
- LPWTTAPA 
-LPWTTAPA 
-IPWATAPA 
-LPWTTAPA 
-LPWATAPA 
-LPWATAPA 
-LPWATAPA 
-LPWTTAPA 
SWWSEATT 
SWWSEATT 
GLTWTASAT 
GLVWTAASS 
GLTWTASSS 
GLTWTASAT 
GLVWTAGSS 
GLTWLVTTT 



Return to Home Page 
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i 

TMV-KR MAYTQTATTS ALLDTVRGNNS LVNDLAKRRL YDTAVE E FNARDRRP KVNF 

TMV-Rak MAYTQTATTS ALLDTVRGNNS LVNDLAKRRL YDTAVDE FNARDRRP KVNF 

TMV-vuI ^YTQTATTSALLDTVRGNNSLVNDLAKRRLYDTAVEEFNARDRRPKVNF 

TOMV MAYTQTATSSALLETVRGNNTLVNDLAiGlRLYDTAVDEFNARDRRPKVNF 

PMMV MAYTQQATNAA1ASTLRGNNPLVNDLANRRLYESAVEQCNATO 

TMGMV MAHIQSI ISNALLESVSGKNTLVNDLARRRMYDTAVEEFNARDRRPKVNF 

TMV-OB MAHIQQSMQGALLDTVRGQNSLVNDLAKRRLYDTAVEEFNAKDRRPKINF 

ORSV MAHFQQTIWTKVTEAGIGRNSLINDLAQRRVYDKPVEELNHRSRRPKVNF 

TVCV ^QFQQTIDMQTLQAAAGRNSLVNDLASRRVYDNAVEELNARSRRPKVHF 

CR-TMV MAQFQQTIDMQTLQAAAGPNSLVNDLASRRVYDNAVEELNARSRRPKVHF 

RMV-SH MAQFQQTVNMQTLQAAAGRNSLVNDIASRRVYDNAVEELNARSRRPKVHF 

CRMV MAQFQQTVNMQTLQAAAGRNSLVNDLASRRVYDNAVEELNARSRRPKVHF 

TMV-CG MAQFQQTVNMQTLQAAAGRNSLVNDLASRRVYDNAVEELNARSRRPKV^ 

CGMMV MANINEQ INNQRDAAASGRNNLVSQLAS KRVYDEAVRSLDHQDRRPKMNF 

CGMMV-W MANINEQ INNQRDAAASGRNNLVSHLAS KRVYDEAVRS LDHQDRRPKMNF 

CFMMV MAN I TQH I NDTREAAAAGRNPLVAQLAS KRVYDEAVKS LDS QDKRPKVNF 

YCGMMV MANI TQQ I IDTREAAAAGRNPLI AQLAS KRVYDEAVKS LDTQDKRP KVNF 

SHMV MS TS TL INKAQTNS CGD VGVVDLLKRKVYDDTVKTMQGLDRRAKYRL 

51 

TMV - KR S KVI S EEQTL I ATRAYPE FQ I TF YNTQNAVHSLAGGLRS LELEYLMMQI P 

TMV-RAK SKVISEEQTLIATRAYPEFQITFYNTQNAVHSLAGGLRSLELEYLMMQIP 

TMV S KVI SEEQTL I ATRAYPE FQ I TF YNTQNAVHSLAGGLRS LELE YLMMQ I P 

TOMV SKWSEEQTLIATKAYPEFQITFYNTQNAVHSLAGGLRSLELEYLMMQIP 

PPMV LRS I SEEQTLI ATKAYPEFQITFYNTQNAVHSLAGGLRSLELEYLMMQI P 

TMGMV SKTIS EEQTLL VSNAYPE FQ I T F YNTQNAVHS LAGGLRALELE YLMLQVP 

TMV-OB SKSINEEQTLIVSQAYPEFQITFYNTQLAVHSLAAGLRSLELEYLMMQVP 

ORSV SKVI SQEQ I I QATNAYAEFE ITFYNTQLAVHSMAGGLRALELE YRRMQI P 

TVCV S KAVS TEQTL I ATNAYPEFE I S FTHTQS AVHS LAGGLRS LELE YLMMQVP 

CR - TMV S KAVS TEQTL I ATNAYPEFE I S FTHTQS AVHS LAGGFRS LELE YLMMQVP 

RMV - SH S KS VS TEQTLLASNAYPEFE I S FTHTQHAVHSLAGGLRTLELE YLMMQVP 

CRMV S KSVS TEQTLLASNAYPEFE I S FTHTQQAVHSLAGGLRTLELE YLMMQVP 

TMV - CG S KSVS TEQTLLASNAYPE FE I S FTHTQQAVHSLAGGLRTLELE YLMMQVP 

CGMMV SRWSTEHTRLVTDAYPEFSISFTATKNSVHSLAGGLRLLELEYMMMQVP 

CGMMV-W SRWSTEHTRLVTDAYPEFSISFTATKNSVHSLAGGLRLLELEYMMMQVP 

CFMMV ARVLTTEQTRKVTESYPEFS I SYTASALSVHSLAGGLRYLEGE YLMMQVP 

YCGMMV SRVLSTEQMRWTENYPEFSVSYTGSALSVHSLAGGLRYLEGEYLMMQVP 

SHMV NQCLGPEQCRTVRGGYPEFQIEFTGASNTSHAMAAGLRGLELEYLYTLVP 

101 

TMV-KR YGSLTYDIGGNFASHLFKGRAYVHCCMPNLDVRDIMRHEGQKDSIELYLS 

TMV-RAK YGSLTYDIGGNFASHLFKGRAYVHCCMPNLDVRDIMRHEGQKDSIEL- - - 

TMV YGSLTYDIGGNFASHLFKGRAYVHCCMPNLDVRDIMRHEGQKDSIELYLS 

TOMV YGSLTYDIGGNFASHLFKGRAYVHCCMPNLDVRDIMRHEGQKDSIELYLS 

PPMV YGSTTYDIGGNFAAHMFKGRDYVHCCMPNMDLRDVMRHNAQKDSIELYLS 

TMGMV YGS PT YD I GGNFAAHLFKGRD YVHCCMPNLD IRD I MRHEGQKDS I EMYLS 

TMV-OB YGS LTYD I GGNFAAHLFKGRD YVHCCMPNLDLRD I MRHENQKDS VAT YLS 

ORSV FG S I T YD I AGNF S AH I YKGRD YVH S CMRNLD I RD VARH I NQQD TVS S YVA 

TVCV FGSLTYD I GGNFSAHLFKGRD YVHCCMPNLD VRDIARHEGHKEAIYSYVN 

CR-TMV FGS LTYD I GGNFSAHL FKGRD YVHCCMPNLD VRD I ARHEGHKEAIHS YVN 

RMV- SH FGSLTYD I GGNFAAHLFKGRD YVHCCMPNLDVRDI ARHEGHKEAI FS YLS 

CRMV FGSLTYD I GGNFAAHLFKGRD YVHCCMPNLD VRDI ARHEGHKEAI FS YLS 

TMV - CG FGS LTYD I GGNFAAHLFKGRD YVHCCMPNLDVRD I ARHEGHKEAI FSYI S 

CGMMV YGSPCYDIGGNYTQHLFKGRSYVHCCNPCLDLKDVARNVMYNDMITQHVQ 

CGMMV- W YGSPCYDIGGNYTQHLFKGRS YVHCCNPCLDLKDVARNVMYNDWTQHVQ 

CFMMV YGSPVYDIGGNYSQHMLKGRAYVHCCNPCLDLKDIARNEMYKDAIDRYVH 

YCGMMV YG S P CH Y I GGN Y S QHML KGRS YVHCCNPC LD LKD VARNEM YKD AI ER YVT 

SHMV YGAVS YD I GGNFPAHMMKGRS YVHCCNPALDARDLARNENYR I S I ENYLS 

151 
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TMV-KR 


RL 


-ERG' 


KTVPNFQKEAFDRYAELPEDAVCHNTF 


TMV-RAK 


-L 


-DRGC- 


- KTVPNFQKEAFDRYAEFPEDAVCHNTF 


TMV 


RL 


-ERGG- 


- KTVPNFQKEAFDRYAE I PEDAVCHNTF 


TOMV 


RL 


-ERGN- 


- KHVPNFQKEAFDRYAEMPNE WCHDTF 


PPMV 


KL 


-AQKK- 


-KVIPPYQKPCFDKYTDDPQSWCSKPF 


TMGMV 


RL 


-SRSN- 


- KVIPEFQREAFNRYAEAPNEVCCSKTF 


TMV -OB 


RL 


-KARN- 


- KVLPAFQQEAFQRYSERSDEVVCNNTF 


ORSV 


RL 


-ERSK- 


- RGLPVFQQS AFNKYMSDPDAVCSDKRF 


TVCV 


RL 


-KRQQ- 


- RPVPEYQRAAFNNYAENPHFVHCDKPF 


CR-TMV 


RL 


-KRQQ- 


- RPVPE YQRAAFNNYAENPHFVHCDKPF 


RMV-SH 


RL 


-DRQK- 


- RPVPE YQRAAFYNYAENPHFVHCDRPF 


CRMV 


RL 


- DRQR - 


- RPVPE YQRAAFHNYAENPHFVHCDRPF 


TMV-CG 


RL 


-DRQR- 


- RPVPE YQRAAFNNYAENPHFVHCDRPF 


CGMMV 


RH 


-KGSCGCRPLPTFQIDAFRRYDSSPCAVTCSDVF 


CGMMV-W 


RH 


-KGSGGCRPLPTFQIDAFRRYDNSPCAVTCSDVF 


CFMMV 


KKREAPRSNAWRARAESVQEIKDGRLPSWQIDAFQRYKDCPRAVTCNDVF 


Y CGMMV 


KKRDGPRSVAWRSQAESSQETKFAGLPSWQMDAFRRYHSDPSSVTCPDVF 


SHMV 


RFEDKSGDYCQWQR- - 


- KKPKVSKPLPRYQKACFDRYNEDPEHVTCSETF 



201 

TMV-KR QTMRHQPMQQSGRVYAIALHSIYDIPADEFGAALLRKNVHTCYAAFHFSE 

TMV-RAK QTCEHQPMQQSGKVYAIALHS I YT)I PADEFGAALLRKNVHTCYAAFHFSE 

TMV QTMRHQPMQQSGRVYAIALHS I YD I PADEFGAALLRKNVHTCYAAFHFSE 

TOMV QTCRHSQECYTGRVYAIALHSIYDIPADEFGAALLRKNVHVCYAAFHFSE 

PPMV QHCEGV - SHCTDKVYAVALHSL YD I PADEFGAALLRRNVHVCYAAFHFSE 

TMGMV QD CR I HP P ENS GRR YAVALHS L YD I P VHE FG AAL I S KN I HVC YAAS I LAE 

TMV- OB QCC E SNR YS S GGRVYAI S LHS L YD I PADELGAALLRKNVHTL YAAFHFAE 

ORSV QECSYS-VDLPGKTYAVGLHSIYDIPADEFGAALLRKDVHICYAAFHISE 

TVCV QQCELT - TAYGTDTYAVALHS IYDIPVEEFGSALLRKNVKTCFAAFHFHE 

CR - TMV QQCELT - TANGTDT YAVALL S I YD I PVEEFGS ALLRKNVKTCFAAFHFHE 

RMV - S H QQCE IS- TVNGADTYAI ALHS I YD I PADEFGAALLRKNVKI CYAAFHFHE 

CRMV QQCELS - TVNRWDTYAI ALHS I YD I PADEFGAALLRKNVKI CYAAFHFHE 

TMV-CG QQCKLS - AANGADT YAI ALHS IYD I PVDEFGAALLRKNVKI CYAAFHFHE 

CGMMV QECSYD-FGSGRDNHAVSLHSIYDIPYSSIGPALHRKNVRVCYAAFHFSE 

CGMMV-W QECSYD-SGSGGDNHAVSLHSIYDIPYSSIGPALHRKNVRVCYAAFHFSE 

CFMMV QECQYE - HTRRGDRYAVALHS I YD I PFEQIGPALLRKNI KVLFAAFHFSE 

Y CGMMV QQCEHE - FSRGGDR YAVALHS I YDVPCEQIGPALLRKNIKVLFAAFHFSE 

SHMV EKCR ISP PAERDD I YATS LHS L YD I P YQNLG P ALARKR I KVLHAAFHFS E 



251 

TMV- KR NLLLEDSYVNLDEINACFSRDGDKLTFSFASESTLNYCHS YSNILKYVCK 

TMV-RAK NLLLEDSYVNLDEINACFSRDGDKLTFSFASESTLNYCHSFSNILKYVCK 

TMV NLLLEDSYVNLDEINACFSRDGDKLTFSFASESTLNY CHS YSNILKYVCK 

TOMV NLLLEDSHVNLDE INACFQRDGDRLTFS FAS ESTLNYSHS YSNILKYVCK 

PPMV NLLLEDSYVSLDDIGAFFSREGDMLNFSFVAESTLNYTHSYSNVLKYVCK 

TMGMV ALLLDQTEVTLNE I GATFKREGDDVS FFFADESTLNYSHKYKNILHYWK 

TMV-OB ELLLEVSTVELPTIGGIFSRDGDKINFCFSNESTLNYSHSYSNLLKYVCK 

ORSV NLLLETTSAPLDEIGATKYKSGDRLSFFIQNESTLNYEHSYKNVIKYVCK 

TVCV NMLLDCDTVTLDE IGATFQKSGDNLSFFFHNESTLNYTHS FSNI IKYVCK 

CR-TMV NMLLDCDTVTLDE I GATFQRAGDNLSFFFHNESTLNYTHS FSNI IKYVCK 

RMV-SH NMLLDCDSVTLEDIGATFQRAGDKLNFFFHNESTLNYTHS FSNI IKYVCK 

CRMV NMLLDCDS VTLED I GATFQRAGDKLNF FFHNE S TLNYTHS FSN 1 1 KYVCK 

TMV-CG NMLLDCDS VTLED I GATFQRAGDKLNFFFHNESTLNYTHS FSNI IKYVCK 

CGMMV ALLLGS P VGNLNS I GAQFRVDGDDVHFLFS EES TLHYTHS LENI KL I VMR 

CGMMV-W ALLLGS PVGNLNSIGAQFRVDGDDVHFLFSEESTLHYTHS LENI KLI VMR 

CFMMV ELLLGQSFGALPNIGAFFTVNGDSVEFQFEEESTLHYSHSFQNIRKIVTR 

Y CGMMV DLLIGSEFGRLPNVGAFFSVDGDSVNFQFEDESTLHYTHSFSNIRKIVTR 

SHMV DLLLGASEGLLTQIGGTFQRNGDVLTFSFLDESSLIYTHSFRNVFEYVTR 

301 

TMV-KR TYFPASNREVYMKEFLVTRVNTWFCKFSRIDTFLLYKGVAHKSVDSEQFY 

TMV- RAK TYFPASNREVYMKEFLVTRVNTWFCKFSRIDTFLLYKGVAHKS VDSEQFY 

TMV TYFPASNREVYMKEFLVTRVNTWFCKFSRIDTFLLYKGVAHKS VDSEQFY 

TOMV TYFPASNREVYMKEFLVTRVNTWFCKFSRIDTFLLYKGVAHKGVDSEQFY 
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PPMV T Y F PAS S RE VYMKE FL VTR V? FCKFSRLDTFVLYRGVYHRGVDKEQFY 

TMGMV S YFPASSRIVYFKEFLVTRVN x WFCKFTKVDTY IL YKS VRQVGCDSDQF Y 

TMV-OB TYFPASNRFVYMKEFLITRVNTWFCKFTKLDTYTLYRGVYHRGCDQQEFY 

ORSV TFIPASNRFVYHKEFMCTRVNTWFCKFTKVDTYFLFRGVYTRGEDSEQFY 

TVCV TFFPASQRFVYHKEFLVTRVNTWYCK^TRVDTFTLFRGVYHNNVDCEEFY 

CR-TMV TFFPASQRFVYHKEFLVTRVNTWYCKFTRVDTFTLFRGVYHNNVDCEEFY 

RMV-SH TFFPASQRYVYHKEFLVTRVNTWYCKFTRVDTFTLFRGVYRTSVDSEEFY 

CRMV TFFPASQRYVYHKEFLVTRVNTWYCKFTRVDTFTLFRGVYKTSVDSEEFY 

TMV-CG TF FP ASQR YVYHKE FLVTR VNTWYCKFTRVDTFTL FRGVYRS S VDS EE FY 

CGMMV T Y F P ADD R F VY I KE FMVKR VD TF F FRL VRADTHMLHKS VGHY S - KS 

CGMMV - W TYFPADDRFVYIKEFMVKRVDTFFFRLVRADTHMLHKSVGHYS - KS 

C FMMV TYF P AS DR WYVKE FMVKR VDTF FFRMVRVDTHMLHKS VGT YP - VC 

Y CGMMV TFFPASDRWYVKE FMVKRVDTFFFRMVRVDTHMLHKS VGQYQ - VS 

SHMV TF FVACNR YAYMKE FRSRRVDTVFCS F IR IDT YCL YRS VFKDC - DEHV - F 

351 

TMV-KR TAMEDAWHYKKTLAMCNSERILLEDSSSVNYWFPKMRDMVIVPLFDISLE 

TMV-RAK TAMEDAWHYKKTLAMCNSERILLEDSSSVNYWFPKMRDMVIIPLFDISL- 

TMV TAMEDAWHYKKTLAMCNS ER I LLEDS S S VNYWFPKMRDMVI VPLFD ISLE 

TOMV KAMEDAWHYKKTLAMCNSERILLEDSSS VNYWFPKMRDMVI VPLFD ISLE 

PPMV SAMEDAWHYKKTLAMMNSERI LLEDS SSVNYWFPKMKDMVIVPLFDVSLQ 

TMGMV EAMEDAFAYKKTLAMFNTERAI FRDTAS VNFWFPKMKDMVI VPLFEGS I T 

TMV-OB SAMEDAWHYKKTLAMLNSERIVLEDHSSVNYWFPKMKDMVIVPLFDVSLE 

ORSV TAMDEAWEYKKTLAMLNSERTIFRDRAAVNFRFPKVKDMVIVPLFDGSVT 

TVCV KAMDDAWHYKKTLAMLNAERTIFKDNAALNFWFPKVRDMVIVPLFDASIT 

CR - TMV KAMDDAWHYKXTLAMLNAERTIFKDNAALNFWFPKVRDMVIVPLFDASIT 

RMV-SH KAMDDAWE YKKTLAMLNSERTI FKDSAAMNFWFPKVRDMVI I PLFDAS I T 

CRMV KAMDDAWEYKKTLAMLNSERTIFKDSAAINFWFPKVRDMVIIPLFDASIT 

TMV - CG KAMDDAWE YKKTLAMLNS ERT I FKDS AAMNFWF PKVRDMVI I PLFDAS I T 

CGMMV KSEYFALNTPPIFQDKATFSVWFPEAK-KVLIPKFELSRF 

CGMMV- W KSEYFALNTPPIFQDKATFSVWFPEAKRKVLIPKFELSRF 

CFMMV ATNYFS LKS S P I FQDKATFS VWFPKAKS KWI P I FKMQGF 

Y CGMMV KNDYYSLKSSPVFQDKATFSVWFPQAKSKWIPLFEMQGF 

SHMV AAMDDAWEFKKKRVMLEASRP I FNDVAQFNVYFPNAKDKVCLP I FAVKS V 

401 

TMV-KR TSKR- - TRKEVL VS KD FVFTVLNHI RTYQAKALT YANVLS F VE SIRS RVI 

TMV-RAK S R KE VL VS KD FVFTVLNH I RTYQAKALT YANVL S F VE SIRS RV I 

TMV TSKR- - TRKEVLVS KDFVFTVLNHIRTYQAKALTYANVLS FVES IRS RVI 

TOMV TSKR- - TRKEVLVS KDFVYTVLNHIRTYQAKALTYSNVLS FVES IRS RVI 

PPMV NEGKRLARKEVMVS KDFVYTVLNH I RT YQS KALT YANVLS FVE S I RSRVI 

TMGMV SKKM- - TRSEVIVNRDFWTVLNHIRTYQAKALTYQNVLSFVES IRSRVI 

TMV-OB TQKR- - TKKE VI VS KDFVYTVLNH I RTYQAKALTYNNVLS FVE SI RSRVI 

ORSV SGKM- -KRREVMVNKDFWTVLNHIRTYQDKALTYKNVLSFVESIRSRVI 

TVCV TGRM- - SRRE IMVNKDFVYTVLNHI KTYQAKALT YANVLS FVES IRSRVI 

CR-TMV TGRM- - S RRE VMVNKD F VYTVLNH I KTYQAKALT YANVL S FVE SIRS R V I 

RMV-SH TGRM- - S RRE VLVNKD F VYTVLNH I KTYQAKALT YANVL S FVE S I RS R V I 

CRMV TGRM- -SRREVLVNKDFVYTVLNHIKTYQAKALTYANVLS FVES IRSRVI 

TMV-CG TGRM - - S RRE VLVNKD F VYTVLNH I KTYQAKALT YANVLS FVE S I RS RVI 

CGMMV LSGNVKISR-MLVDADFVHTIINHISTYDNKALVWKNVQS FVES IRSRVI 

CGMMV - W LSGNVKI SR - ML VDAD FVHT I INHI S TYDNKAL VWKNVQS FVES IRSRVI 

CFMMV FTGS I VAEK - MM IDAS F IHTVINHI CTYDNKALTWRNVQS FVES IRSRW 

Y CGMMV FSGTLKS KK - MLVDATFIHTVINHI CTYDNKALTWRNVQS FVES F - GLGC 

SHMV SGAPVTTRH- ILVEKDFYWTALNHILTYPDGKADFRGVMSFLES IRSRW 

451 

TMV-KR INGVTARSEWDVDKSLLQSLSMTFYLHTKLAVLKDDLLISKFSLGSKTVC 

TMV-RAK INGVTARSEWDVDKSLLQSLSMTFFLHTKLAVLKDDLLISKFSLGSKTVC 

TMV INGVTARSEWDVDKSLLQSLSMTFYLHTKLAVLKDDLLISKFSLGSKTVC 

TOMV INGVTARSEWDVDKSLLQSLSMTFFLHTKLAVLKDDLLISKFALGPKTVS 

PPMV INGVTARSEWDVDKALLQSLSMTFFLQTKLAMLKDDLWQKFQVHSKSLT 

TMGMV INGVTARSEWDVDKAILQPLSMTFFLQTKLAALQDDIVMGKFRCLDKTTS 

TMV-OB INGVTARSEWDVDKALLQSMAMTFFLITKLSMLKDELLVSKFTLSAKSVH 

ORSV MNGVTARSEWEVDKSVLQPLSMTFLLQTKLAEAKDQVVLKKFQKIDDTVT 
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Tobamovirus Methyltransferase-- Alignment 

tvcv ingvtarsewdtdkailgpl; fflitklghvqdeiilkkfqkfdrttn 

cr-tmv ingvtarsewdtdkailgplaw tfflitklghvqdei ilkkfqkfdrttn 

rmv-sh i ng vt ars e wd td kai lg p lamtf fl vtkl s hvqd e i vlkkfq kfd atak 

crmv ingvtarsewdtdkailgplamtfflvtklshvqdeivlkkfqkfdatak 
tmv-cg • ingvtarsewdtdkailgplliamtfflvtklshvqdeivlkkfqkfdattk 

cgmmv vngvsvks ewnvpvdqltd isfsi fplvkvrkvqi elmsdkwieargll 

cgmmv - w vngvsvks ewnvpvdqltd isfsi fll vkvrkvq i elmsdkwieargll 

cfmmv vng vs vrs ewd vpvelltd i s ftvfllvkvkktq i e imsdki vtqpqgl i 

y cgmmv mngvsvrs ewdvp i emlcd i s ftvfltvkv - kvq i e ims eki vtqpqgll 

shmv ingtttasqwevdksqlkdialsllliakleklkisviekrikierqglv 

501 

TMV- KR QHVWDE I SLAFGNAFPS VKERLLNRKL IRVAGDALE IRVPDLYVTFHDRL 

TMV - RAK QHVWDE I S LAFGNAFPS VKERLLNKKL IRAAGDALE I KVPDL YI TFHDRL 

TMV QHVWDE I SLAFGNAFPS VKERLLNRKL IRVAGDALE IRVPDLYVTFHDRL 

TOMV QHVWDE I S LAFGNAFPS I KERL INRKL I KI TENALE IRVPDLYVTFHDRL 

PPMV EYVWDE ITAAFHNCFPTI KERL INKKL ITVSEKALE I KVPDLYVTFHDRL 

TMGMV EL I WDE VGKFFGNVF PT I KERL VS RKI LDVS ENALKI KI PDL YVTWKDRF 

TMV -OB EHVWDEIKRGCGNMFPSLKESLLRKKLISGSAEELEIEVPDMYVTFHDRF 

ORSV NLFWKQISDAVGDLFPSIKERLISGGFVKVAEQSLQIKTPDEYITFADKL 

TVCV ELIWTSLCDALMGVIPSVKETLVRGGFVKVAEQALEIKVPELYCTFADRL 

CR - TMV EL I WTS LCD ALMG VI PS VKETL VRGGFVKVAEQALE I KI PEL YCTFADRL 

RMV-SH ELIWSSLCDALKGVIPSVKETLARGGFVKLAEESLEIKIPELYCTFTDRL 

CRMV ELIWSSLCDALKGVIPSVKETLARGGFVKLAEESLEIKIPELYCTFTDRL 

TMV-CG ELIWTSLCDALKGVIPSVKETLARGGFVKLAEESLEIKIPELYCTFTDRL 

CGMMV RRFADSLKSAVEGLGDCVYDALVQTGWFDTSSDELKVLLPEPFMTFSDYL 

CGMMV -W RRFADSLKSAVEGLGDCVYDALVQTGWFDTSSDELKVLLPEPFMTFSDYL 

CFMMV ERIVQRVSEAFEGCTEAVQKALLTSGWFRTPADDLVLDIPELFMDFHDYL 

Y CGMMV LRLAQKVSDAFEGCTATIHAALMSTGWFRCQADELWEAPELFMDFHDFL 

SHMV SLLKEFLHGLLDEYTQTMAEWWEKGWVKSVDQVLQVTIPDLVLNFRDHF 

551 

TMV- KR VTEYKASVDMPALDIRKKMEE- -TEVMYNALSELSVLRESDKFDVDVFSQ 

TMV -RAK VAE YKS S VDMPALD IRKRMEE - -TEVMYNALSELSVLRESDKFDVDVFSQ 

TMV VTEYKASVDMPALDIRKKMEE- -TEVMYNALSELSVLRESDKFDVDVFSQ 

TOMV VSEYKMSVDMPVLDIRKKMEE- -TEEMYNALSELSVLKNSDKFDVDVFSQ 

PPMV VKE YKS S VEMPVLDVKKSLEE - - AEVMYNALSE I S I LKDSDKFDVDVFSR 

TMGMV VAEYTKSEELPHLDIKKDLEE- -AEQMYDALSELSILKGADNFDIAKFKD 

TMV- OB VAEYKASVEMPTIDISKDLSE- -AESYYSALSELSVLENSKDFDLEKFSR 

ORSV VME YKATEELQHLD I SKPLER - -AEKYYNALSELSVLKESDEFDITQFKN 

TVCV VLQYKKAEEFQSCDLSKPLEE - - SEKYYNALSELSVLENLDSFDLEAFKT 

CR-TMV VLQYKKAEEFQSCDLSKPLEE --SEKYYNALSELSVLENLDSFDLEAFKT 

RMV- SH VLEYKRTEEFQSCDLSKPLEE - - SEKYYNALSELSVLENLDSFDLDAFKE 

CRMV VLEYKRTEEFQSCDLSKPLEE - - SEKYYNALSELSVLENLGSFDLDAFKE 

TMV-CG VLQYKMAEEFKSCDLSKPLEE - - SEKYYNALSELSVLENLDSFDLDGFKE 

CGMMV EGMYEADAKIERESVSELLAS - -GDDLFKKIDEIRNNYSGVEFDVEKFQE 

CGMMV -W EGTYEADAKIERESVSELLAS- -GDDLFKKIDEIRNNYSGVEFDVEKFQE 

CFMMV SGVFESRMLVLRRRTVEKCFKRFPTSFIRLYRKLCERYSGIEFDLEQVSD 

Y CGMMV SAAWEADAKIEAANVESVLDA- - SDRLYTTVNELCERYSGIEFDLEKFTD 

SHMV RCEFRTSANVSEVNVSEHLVA- - TNEYYAKVSDLVDRNPTLAFDFEKFQD 
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601 

TMV- KR MCQSLEVDPMTAAKVIVAVMSNESGLTLTFERPTEANVALALQDQ-EKAS 

TMV -RAK MCKSLEVDPMTAAKVIVAVMSNESGLTLTFERPTEANVAQALQDQ-EKAS 

TMV MCQSLEVDPMTAAKVIVAVMSNESGLTLTFERPTEANVALALQDQ-EKAS 

TOMV MCQSLEVDPMTAAKVI VAVMSNESGLTLTFEQPTEANVALALQDS - EKAS 

PPMV MCNTLGVDPLVAAKVMVAWSNESGLTLTFERPTEANVALALQPTITSKE 

TMGMV MCKALDVSPDVAARVIVAVAENRSGLTLTFDKPTEENVAKALKSTASEAV 

TMV- OB MCAINCVNPDIAAKIWAVLSNESGVTLPFKEPTEGNMAEAMKSGEKDEV 

ORSV LCEEKD I APDVLAKVI VP IMKNE - - LTLPFNNPTPEALSDALS PLPKDLD 

TVCV LCQQKNVDPDMAAKVWAIMKSE- -LTLPFKKPTEEEISESLKPGEGSCA 

CR-TMV LCQQKS VDPDMAAKVWAIMKCE - - LTLPFKKPTEEE IS ESLKTGEGTS A 

RMV- SH LRQKKNVDPDVAAKVMVAIMNSE- -LTLPFKKPTEEEVAEALSGEWQDE 

CRMV LCQKKNVDPDVAAKVWAIMNSE - - LTLPFKKPTEEEVAEALSGEWQDE 
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tmv - cg lcqkknvdpdvaakvwaim: - -ltlpfkkpteeeiaealsgevkqse 

cgmmv fckelnwpmlighvieaifsgkagvtvtglgtlspemgasvalsstsvd 

cgmmv-w fckelnvnpmlighvieaifsqkagvtvtglgtlspemgasvalsntsvd 

cfmmv fchhhdvnpalvgpvieaifsqtagitvtglstksvewaaaealaptsvd 

y cgmmv fchhhd vnps l i gtvi ea i fsqs ag i tvtgl qaks le waaaealap 

shmv yceklgvd idtvtel idai s tgragi tldhtddkeeqlprtlags s s yle 



651 



TMV - KR 


EGALWTS R - EVEE PS M 


TMV-RAK 


EGALWTSR- EVEE PSM 


TMV 


EGALWTS R- EVEE PSM 


TOMV 


DGALWTSR- DVEE PS I 


PPMV 


EGSLKIVSS -DVGESS I 


TMGMV 


VCLEPTSEEVNVNKFS I 


TMV -OB 


LTLGSQTDNTDLTSKSM 


ORSV 


MRFSLLKLSTCAPFPSV 


TVCV 


EHKEVLSLQNDAPFPCV 


CR-TMV 


EHKDVLS LQNDAP FPCV 


RMV-SH 


G LSLSNNAPFPCV 


CRMV 


G- - - - LRLSNKAPFPCV 


TMV -CG 


G LSLSNNAPFPCV 


CGMMV 


TCEDMDVTEDMED I VLM 


CGMMV -W 


TCEDMDVTEDMED I VLM 


CFMMV 


MDCDSDDEELEQKFPNL 


Y CGMMV 


VDDDMDCSSDEEDAAPH 


SHMV 


EEPSDDLVCLSDKAIVN 
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• D13367 Gb(84)_vi:MTVCP Tobacco mosaic virus CP gene. 7/94 474bp. 

• D13438 Em(40)_vi:MTVGRNA Gb(84)_vi:MTVGRNA Tobacco mosaic virus genomic 
RNA. 12/93 6,507bp. 

• D17458 Em(40)_vi:MTV30KP Gb(84)_vi:MTV30KP Tobacco mosaic virus (TMV) 
RNA for 30K protein, complete cds. 3/94 795bp. 

• D38444 Em(44)_vi:Mtvcg Gb(90)_vi:Mtvcg Tobacco mosaic virus RNA. 1 0/94 6,303bp. 

• JQ2412 Em(40)_vi:TO30KOM Gb(84)_vi:MTV30KOM tobacco mosaic virus 30k 
protein gene. 4/90 961 bp. 

. J02413 Em(40)_vi:TOC30KCP Gb(84)_vi:MTV30KCP tobacco mosaic virus(cowpea 
strain) 30k & coat protein genes. 4/90 l,800bp. 

• J02415 Gb(84)_vi:MTWCG Tobacco mosaic virus (strain vulgare), complete genome. 
9/88 6,395bp. 

. LI 1665 Em(40)_vi :MTVNGHYPE Gb(84)_vi:MTVNGHYPER Tobacco mosaic virus 
RNA. 8/93 6,506bp 

• L35073 Gb(84)n:MTVCOATPRA Tobacco mosaic virus coat protein, complete cds. 8/94 
678bp. 

• L35074 Gb(84)n:MTVCOATPRO Tobacco mosaic virus coat protein, complete cds. 8/94 
680bp. 

• M19101 Em(40)_sy:AGVCHY Gb(84)_sy:SYNRMTVCHY Tobacco mosaic virus/calf 
chymosin recombined mRNA, promoter and 5' end. 7/89 101 bp. 

• M19102 Em(40)_sy:AGVLSZ Gb(84)_sy:SYNRMTVLSZ Tobacco mosaic 
virus/chicken lysozyme recombined mRNA, promotor and 5' end. 7/89 107bp 

. M19103 Em(40)_sy : AG VCAT Gb(84)_sy: S YNRMTVC AT Tobacco mosaic 
virus/plasmid pJII2 chloramphenicol transferase recombined mRNA, leader and 5 ' 

• M19104 Em(40)_sy:AGVNTP Gb(84)_sy:SYNRMTVNTP Tobacco mosaic 
virus/plasmid pJID neomycin phosphotransferase II recombined mRNA, leader and 

• M19105 Em(40)_sy: AGVGUSA Gb(84)_sy : S YNVGUS A Tobacco mosaic virus/plasmid 
p Jill 19 beta-glucuronidase recombined mRNA, leader and 5' end. 7 

• M19106 Em(40)_sy : AGVGUSB Gb(84)_sy: S YNVGUSB Tobacco mosaic virus/plasmid 
pJII139 beta-glucuronidase recombined mRNA, leader and 5' end. 7 

• M24809 Em(40)_vi :TOBMTVGT Gb(84)_vi :MTVGTAMV tobacco mosaic virus RNA, 
3' end. 2/90 72bp. 

• M24955 Em(40)_vi:MTVUlRAA Gb(84)_vi:MTVUlRAA Tobacco mosaic virus (Ul) 
omega RNA. 9/90 70bp. 

• M24992 Gb(84)_vi:MTVU2RAA Tobacco mosaic virus (U2) omega RNA. 9/89 93bp. 

• V01405 Em(40)_vi:TOTMV 1 Gb(84)_vi:TOTMV 1 Tobacco mosaic virus (TMV) RNA 
5' coding region (nucleotides 69 to 236). 7/89 168bp. 

. V01407 Em(40)_vi:TOTMV3 Gb(84)_vi:TOTMV3 Two tobacco mosaic virus genes 
(viral transport and coat protein). 9/93 961 bp. 

• V01408 Em(40)_vi:TOTMV4 Gb(84)_vi:TOTMV4 Tobacco mosaic virus genome 
(variant 1). 7/83 6,395bp 

• VP 1409 Em(40)_vi:TOTMV5 Gb(84)_vi:TOTMV5 Tobacco mosaic virus genome 
(variant 2). 7/83 6,398bp. 

• X00052 Em(40)_vi:TOTMV6 Gb(84)_vi:TOTMV6 Tobacco mosaic virus (TMV) 
common strain OM. 5 '-terminal region. 6/85 275bp. 

• X00053 Em(40)_vi:TOTMV7 Gb(84)_vi:TOTMV7 Tobacco mosaic virus tomato 
(TMV) strain L. 5 '-terminal region. 6/85 278bp. 




X02144 Em(40)_vi:TOTMV8 Gb(84)_vi:TOTMV8 Tobacco mosaic virus tomato strain 
(L) genome. 9/93 6,384bp. 

X66047 Em(40)_vi:TMV54KDA Gb(84)_vi:TMV54KDA Tobacco Mosaic Virus RNA 
for 54 kDa protein. 6/92 l,566bp. 

X68110 Em(40)_vi:TMVCG Gb(84)_vi:TMVCG Tobacco mosaic virus, complete 
genome. 10/92 6,395bp. 

X70882 Em(40)_vi:TMVPM2CP Gb(84)_vi:TMVPM2CP Tobacco mosaic virus PM2 
mRNA for capsid protein. 7/93 765bp 

X70883 Em(40)_vi:TMVDTlCP Gb(84)_vi:TMVDTlCP Tobacco mosaic virus DTI 
mRNA for capsid protein. 7/93 765bp. 

X70884 Em(40)_vi:TMVDT2CP Gb(84)_vi:TMVDT2CP Tobacco mosaic virus DT2 
mRNA for capsid protein. 7/93 763bp. 

X70885 Em(40)_vi:TMVDTlGCP Gb(84)_vi:TMVDTlGCP Tobacco mosaic virus 
DT1G mRNA for capsid protein. 7/93 763bp. 

Z29370 Em(40)_vi:TMVRPTPCP Gb(84)_vi:TMVRPTPCP Tobacco mosaic virus 
(Crucifer) genomic RNA for RNA-dependent RNA polymerase; 122K protein. 
M25782 Em(43)_vi:Sllcp Gb(89)_vi:Sllcp Satellite tobacco mosaic virus coat protein 
RNA, complete cds. 1 1/94 l,058bp. 



) 

I I 

• J02001 Gb(84)_vi:MAARNA23 alfalfa mosaic virus (Q strain) rna2 3 ' end. 2/85 228bp. 

• J02003 Em(40)_vi:ALRNA3 Gb(84)_vi:MAARNA3 alfalfa mosaic virus ma 3 35kd 
protein leader sequence. 4/90 3 1 8bp. 

• J02005 Gb(84)_vi:MAARNA35 alfalfa mosaic virus (strain 425) rna3 5 ' end. 2/85 
lOlbp. 

• K02702 Gb(84)_vi:MAACG2Z Alfalfa mosaic virus (strain 425 Leiden) RNA 2 of 
complete genome. 9/88 2,593bp. 

. K02703 Em(40)_vi:ALMRNA3 Gb(84)_vi:MAACG3Z Alfalfa mosaic virus (strain 425 

Madison) RNA 3 of complete genome. 4/90 2,037bp 
. K03542 Em(40)_vi:MAARNA3L Gb(84)_vi:MAARNA3L Alfalfa mosaic virus RNA 3 

encoding viral coat protein, complete.B. 4/90 2,142bp. 
. L00161 Gb(84)_vi:MAARNA33 Alfalfa mosaic virus (strain Q) RNA 3, 3 ' end. 8/86 

230bp 

. LOO 162 Em(40)_vi : ALMAARNA4 Gb(84)_vi:MAARNA4 Alfalfa mosaic virus (strain 
425 Leiden) RNA 4 encoding viral coat protein. 5/94 964bp. 

• LOO 163 Em(40)_vi:ALMAACGlZ Gb(84)_vi:MAACGlZ Alfalfa mosaic virus (strain 
425 Leiden) RNA 1 of complete genome. 5/94 3,644bp. 

• L00164 Gb(84)_vi:MAARNA13 Alfalfa mosaic virus (strain Q) RNA 1. 8/86 226bp. 
. Ml 0826 Em(40)_vi:MAARNA01 Gb(84)_vi:MAARNA4AX Alfalfa mosaic virus 

(A1MV) RNA 4, 3' terminal fragment 29C. 7/91 91bp. 

• M10851 Em(40)_vi :MAARN A4A Gb(84)_vi:MAARNA4A Alfalfa mosaic virus RNA 
4, 5' terminal region. 7/89 74bp. 

. M25004 Em(40)_vi : ALMAARN AA Gb(84)_vi:MAARNAA Alfalfa mosaic virus RNA 

3 or 4, 3' end. 4/92 113bp. 

• M25005 Em(40)_vi: ALMAARN AB Gb(84)_vi:MAARNAB Alfalfa mosaic virus RNA 

2, 3' end. 4/92 103bp. 

• M25006 Em(40)_vi : ALMAARN AC Gb(84)_vi : MAARNAC Alfalfa mosaic virus RNA 
1,3' end. 4/92 HObp. 

• M25452 Em(40)_vi : ALMAARNA 1 Gb(84)_vi:MAARNA4D Alfalfa mosaic virus RNA 

4 RNA fragment. 4/92 62bp. 

• M35975 Em(40)_vi : ALMAARNA Gb(84)_vi:MAARNAl A Alfalfa mosaic virus (strain 
A1MV-S) 5' end of RNA- 1. 12/90 163bp. 

• M35976 Em(40)_vi : ALMAAR0 1 Gb(84)_vi :MAARN A 1 B Alfalfa mosaic virus (strain 
A1MV-B) 5' end of RNA- 1. 12/90 115bp. 

• M36389 Em(40)_vi : ALMAAR02 Gb(84)_vi :MAARNA2A Alfalfa mosaic virus (strain 
A1MV-S) 5' end of RNA-2. 12/90 108bp. 

. M36390 Em(40)_vi:ALMAAR03 Gb(84)_vi:MAARNA2B Alfalfa mosaic virus (strain 
A1MV-B) 5' end of RNA-2. 12/90 109bp. 

• M36391 Em(40)_vi:ALMAAR04 Gb(84)_vi:MAARNA3B Alfalfa mosaic virus (strain 
A1MV-S) 5' end of RNA-3. 12/90 305bp. 

• M36392 Em(40)_vi:ALMAAR05 Gb(84)_vi:MAARNA3C Alfalfa mosaic virus (strain 
A1MV-B) 5' end of RNA-3. 12/90 290bp. 



. M59241 Em(40)_vi: ALMAA32K Gb(84)_vi :MAA32KDMP Alfalfa mosaic virus 32 
kDa movement protein and coat protein RNA, complete cds. 8/92 2,1 88bp. 

• S55890 Em(40)_vi:S55890 Gb(84)_vi:S55890 RNA-3 coat protein homolog, alfalfa 
mosaic virus RNA-3 32K protein homolog (RNA-2) (raspberry bushy dwarf virus, 
Genomic RNA, 2231 nt). 

. U12509 Em(43)_vi:Aml2509 Gb(89)_vi:Amul 2509 Alfalfa mosaic virus NZ1 RNA4 

coat protein mRNA, complete cds. 8/94 876bp. 
. U12510 Em(43)_vi:Aml2510 Gb(89)_vi:Amul2510 Alfalfa mosaic virus NZ2 RNA4 

coat protein mRNA, complete cds. 8/94 876bp. 
. V0QQ44 Em(40)_vi : AL ALM 1 Gb(84)_vi AL ALM 1 5 ' end of alfalfa mosaic virus RNA 

1.5/94 61bp. 

• V00045 Em(40)_vi : ALALM2 Gb(84)_vi ALALM2 5 ' end of alfalfa mosaic virus RNA 

2. 5/94 13bp. 

. V00046 Em(40)_vi : ALALM3 Gb(84)_vi ALALM3 5 ' end of alfalfa mosaic virus RNA 

3. 5/94 lOlbp. 

• V00047 Em(40)_vi: ALALM4 Gb(84)_vi: ALALM4 Intercistronic junction in alfalfa 
mosaic virus RNA 3. 5/94 122bp. 

. V00048 Em(40)_vi: ALALM5 Gb(84)_vi ALALM5 alfalfa mosaic virus RNA 4 coding 

for the coat protein. 5/94 881 bp. 
. V0Q049 Em(40)_vi : ALALM6 Gb(84)_vi : ALALM6 3 ' end of alfalfa mosaic virus RNA 

1.7/91 226bp. 

• V00050 Em(40)_vi : ALALM7 Gb(84)_vi ALALM7 3 ' end of alfalfa mosaic virus RNA 
2. 7/91 228bp. 

• VQ0051 Em(40)_vi : ALALM8 Gb(84)_vi : ALALM8 3 ' end of alfalfa mosaic virus RNA 
3.7/91 230bp. 

. V00052 Em(40)_vi: ALAMO 1 Gb(84)_vi ALAMO 1 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease Tl.). 5/94 8 
. V00053 Em(40)_vi:ALAM02 Gb(84)_vi ALAM02 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease Tl .). 5/94 6 
. V00054 Em(40)_vi : ALAM03 Gb(84)_vi:ALAM03 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease Tl.). 5/94 4 
. V00055 Em(40)_vi:ALAM04 Gb(84)_vi : ALAM04 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease TL). 5/94 4 

• V00056 Em(40)_vi:ALAM05 Gb(84)_vi ALAM05 Alfalfa mosaic virus RNA 1 
fragment. (Obtained after digestion with ribonuclease TL). 5/94 4 

• V00057 Em(40)_vi:ALAM06 Gb(84)_vi ALAM06 Alfalfa mosaic virus RNA 1 
fragment. (Obtained after digestion with ribonuclease TL). 5/94 3 

. VQ0058 Em(40)_vi:ALAM07 Gb(84)_vi:ALAM07 Alfalfa mosaic virus RNA 1 
fragment. (Obtained after digestion with ribonuclease Tl .). 5/94 3 

• V00059 Em(40)_vi ALAM08 Gb(84)_vi ALAM08 Alfalfa mosaic virus RNA 1 
fragment. (Obtained after digestion with ribonuclease TL). 5/94 3 

• V00060 Em(40)_vi:ALAM09 Gb(84)_vi.ALAM09 Alfalfa mosaic virus RNA 1 
fragment. (Obtained after digestion with ribonuclease TL). 5/94 2 

• V00061 Em(40)_vi : ALAM 1 0 Gb(84)_vi ALAM 1 0 Alfalfa mosaic virus RNA 1 
fragment. (Obtained after digestion with ribonuclease Tl .). 5/94 2 



V00062 Em(40)_vi:ALAMl 1 Gb(84)_vi:ALAMl 1 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease A.). 5/94 25 

V0Q063 Em(40)_viALAM12 Gb(84)_vi ALAM12 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease A.). 5/94 19 

V0QQ64 Em(40)_vi:ALAM13 Gb(84)_vi:ALAM13 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease A.). 5/94 19 

V0QQ65 Em(40)_vi:ALAM14 Gb(84)_vi ALAM14 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease A.). 5/94 18 

V0Q066 Em(40)_vi:ALAM15 Gb(84)_vi ALAM15 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease A.). 5/94 18 

V0QQ67 Em(40)_vi:ALAM16 Gb(84)_vi : AL AM 1 6 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease A.). 5/94 1 5 

VQQQ68 Em(40)_vi:ALAM17 Gb(84)_vi:ALAMl 7 Alfalfa mosaic virus RNA 1 

fragment. (Obtained after digestion with ribonuclease Tl.). 5/94 9 

X00819 Em(40)_vi:ALAM19 Gb(84)_vi:ALAM 19 Alfalfa mosaic virus (strain S) 

complete RNA 3 sequence. 9/93 2,055bp. 

X01572 Em(40)_vi : A 1 MVRNA2 Gb(84)_vi A1MVRNA2 Alfalfa mosaic virus (A1M4) 
RNA 2. 7/91 2,593bp. 

M28374 Em(43)_vi:Maatbts7a Gb(89)_vi:Maatbts7a Alfalfa mosaic virus (clone 143) 
temperature-sensitive mutant Tbts7 RNA3 (coat protein-encodi 
M28375 Em(43)_vi:Maatbts7b Gb(89)_vi:Maatbts7b Alfalfa mosaic virus (clone 1 12) 
temperature-sensitive mutant Tbts7 RNA3 (coat protein-enCoding), 5' end fragment. 
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